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1M{EFA(^E 

Jn this lx)(»k an attempt lias l>(‘cii liiadt* to deal 
with tin* various aspects of machine-tool ti'stinf^ 
in sucli a way as to make tlu* hook snitalile for 
on^dne(‘r apprt‘ntices and stud(*nts as well as 
resi^msiljle eii^diu^ers. Considerahh* space in 
tlie hook has liceii d(‘Voted to the testinj^ of 
rnachiiK' tools and machine-tool t‘l(‘ments for 
accuracy since the author holieves that this 
subject is of prime importance at tlx' prest'iit 
<3ay with its increasinj^ demands for accuracy 
and (‘llicieiicy. (ituu'rally, mon* spaci* hasj)eun 
^jjivi'ii over to the <lescription of methods and 
instruments than to tlu* considiu-atioji of pub- 
lislu'd n'sults of tt‘sts, tliou^di tlie latter liavt^ 
hy n« means been ne^dect<‘<i in view of thedr 
imjiortauTu' from the point of view of machine- 
U»ol desi^m. 

Fioni the ;^eneral subject of machine-tool 
testin^^ it is imjxissiide to st‘parate llu* lesser 
subject of the testin*^ of cuttin*^ tools; hence 
exclusive cHUisideration lias been '^dv(*n to this 
in a chapter towards the end of the hook. 

It is hopi'd that the book may prove useful 
to en^im-erinj,^ teachers and others wlio have 
char'^e of classes in machine-tool testin^^ 

(IHOIJGK liriibKY. 
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(‘IIALTKU [. 

INTli<)l)r(T]()N. 

tlu.' point (tl‘ vi<*\v tin* common function 

of all miichincs may l»c I'c^raiclfil ii'i llic porfoymtuira 
('/ //’fw7.’ <ji' tlu' iiftKliirhon nf' no spi*c al (l(‘tiui- 

lioM l»(‘iMj^' !(• (lie inc.itiin;^ of (‘illicr worK oi- 

oiitpiil when ii-icjl in this »*onii(;(Mi«ni, since hotli 
vary consi«leral>l\ anti <lepen(l in any particular 
cas.' upon liie kind of miiciiiiur to wliich theyjiav^* 
reference. In miy ease, however, w’e generally sup- 
«:H)-.e lhal the work oi output is leilher iminediateiN 
or iiltiniah’ly; of a more or less useful character so 
lar as in.’^i —individually or eoll(;clivel\ — is con- 
cerned, thou^di (here are, undouhU‘dl\ , exceptions 
even to this excellent ruh‘ in rej^ard to the utility 
of individual mechanical processes and machines. 

As oiH! examjde of the output of a machine w'c 
may take the cast' of anv ft>rm of textile machine, 
say, that form of machine which is desij;ned for 
weaving cloth. In this cast*, the ullimatt* work of 
the machine is tli^ preth*termiiu*il arran^^ement of 
thrt*ads of eolttui ch’ wool in tht* w'eft and wove to 
foftn the requiretl cloth, and the output of the 
machint?*is, oi'vausly, tht; quantity of e'otl^ without 
blemish whicli the machine can proiluce in any 
f^iveii timt;. 
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‘AnothvU* (•xiiin])le of tlie outpiil of a inachiijo ii^to 
bo found in iho case of sol f- propel led vohiclos, lion* 
iho ‘‘output cannot stated in siinplp l(*nns of y 
inat(*nal quantity, since llie work of such a niaebino 
is the transforenoo of masses in the sbiiju*. of tbo 
passengers or load from one jilacc to anolbcr, the 
relation between the two })laces bi'ing t‘iiher hori- 
zontal or vertical, or a combination of these, ‘rhe. 
output of sucli a machine may, therefore, be re.e:arded 
sim])ly as movenuuil <n‘ motion, though it has aiKUlw'r 
signilication. 

A further exatnple is that of ihi* (riass of niacl»ine.-> 
known as machin<‘-tools, 'I'lie triu‘ fm\c,ti(>ii ol such 
machines is the pixxluct on f)f ma<;liine<l j»a.ils of ic. 
quin;d sizes, shai»es, and degre(‘s ol lim‘'h,snch woik 
b(‘ing elVeeted by ibe actual rcnK)val or cutting a\\a\ 
of the excess mat«.‘rial from the stock i)i- oriLunal 
material when this js in the cold stale. In e\eiy 
case, such nmioval or cutting awa\ of (.'xet'ss material 
is performed b\ means of one or more euning tools, 
and the maU’rial which is removed is usual t\ rejectiid 
as waste or scrap and consignetl to the scrap hi‘ap. 
Ohviously, the output of a machine-t(H>l is related 
closely to the iiumlKir of machined ]>arts that such a 
machine can turn out or pioduce in a given time, 
and from the jioint of view of the praclicil man this 
is usiially the only point (»f any im]a>nanee, tlu)Ugh 
from the economic. ))oint ol view there aie nia.ny 
‘other factors which <temand con.sidt'ration and which 
have a profound iidhicnce tqion tite output when tkj- 
fined as ahovt;. J'Vom the scieiilify:, point <of view, 
machine-tool ju'oc.esses ma\ he divided g<;nerally 
into two classes: roughing and Ihiishing. In the 
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of the fomuM-, only an ordinai y of Ita- 

tuiraoy is miuircd, tiu* chief object hein^^ the, rapid 
^‘iiioval of ?jiaterial 1‘roin llui stock, fiom wPiich 
2)oint of view the output of a machine-tool on wliich 
such work is doin' may lx? assumed to he the volume 
or wiii^^dit ol metal which can lx; removovl in a {^ivtiri 
time. Oil the other hand, wln'ii thr; ])rocoss is a 
finishing' one, tln^ depth of the cut is exceedingly 
small, so that the volumetric or gravimetric as])ect 
ol oijtpul does not hold here, a much more reason- 
able definition of output in such a case being based 
on the supeiiicial area which can he machined or 
finished in a giviai lime. 

Now', in ordei' to he able to p(‘iform woi'k or to 
j)rodui;e an output for which it is desigiutd, a 
machine— without any exception what(‘ver~mu^ 
he provided with motion or niovt'meni, or, rather 
j,more strictly, certain ]>rincipal and elemental parts 
of it mu'^t he so jirovided, though at the same time 
c(*r»ain oilj^jr principal parts must in* maintained in 
a relative condition of I’cst, since the fundaiiumtal 
})riiicii>lc of o])eration or action of a machine is not 
the ahsoluto motion of any part in it, but the motions 
of the various ])arts of the machine ndativo to one 
another. 

In connection w’ith this <jue.slion of the relative 
motions or movi'incnts of the comjionc'iit parts of a 
machine, two points cal! for consideration. In the 
lirst place, oxci‘j)t in the theoretically ideal machine 
— ^vhich is, of course, not realizable jiractically — 
wherevef they^iw relative motion liet ween, machine 
parts or elements there' is also a resistance to that 
motion, which we describe as friction. Tliis r^ist- 
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ailije is .of two kinds, or niilicr two foi’insj sti:tic 
friction — soinctiiiifs cjillod stick! ion — wliicli is the rc- 
sistMicc to motion wliicli is cxciiod w1\'.mi the motion 
is just U‘in^^ commenced, ;ind tlic friction of motion, 
or dynsiinic (riction, which is the resisiMnce to motion 
when there is siciiril relati\t‘ motion hetween the 
parts or (‘lements. In j>ractic:illy evor'^J case the 
former is considerahly irreater than the latter l)Ut. 
whatever may lie their disiineuishin;; features, iji 
our study of this subject \se may re;4ard them as 
l)ein;.; m(‘rel\ two different pha■^esof the sane* entity, 
and. lliereforc!, tnsit them toiieiluM’. ,\s a matter 
of fact, the former is only ol any importance in 
connection wiili tho->e part^ of a macliine \\hi(’h 
have relative reciprocal ine iw to and lio motions ami 
lho.se parts which ha\t‘ relative circular or i'olator-_\ 
motions whan these are just i> une started. Now, this 
frictional resistance, which alwa\Nacl>; in a direction^ 
paralh/l to, or tangential to, the contact surfaces of 
the jmrls between which there is relative jnolion, has 
to he overcome before this moliou ean he imparted 
to, or inaiutainod in, the pails of the, maehitie. 'I’liis 
I’eijuires always the application of a mechanical force 
or forces, the action or operation ot wliich involve.s 
the expendituie or consumption ol ima-hanieal energy, 
since by the exj)res*>iuu “ nmchiLnieal energy ” wc* 
mean the capability of doing mechanical work or 
overcoming mechanical resi^ance Ihiough space. 
This expenditure or consumption nf mechanical 
eaiorgy a///Y///.s occur-s whenwor frictional iesistai*co 
is overcome, though the energy, siinjjjv as (4!iergy, is 
not destroyed, hut is converted into another loi ni of 
energy, namely hca^ energy, by a [u-ocess which is* 
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kntKvii'as the “ dej'nidatiofi of energy”. Tfius, lo 
overcome the frietiomil resistance which occurs be- 
Wv’oon hoarin^^ and journals and between macliine 
slides and guides, im^i^hanical force and ineehanical 
energy are roijuired, the amourit of mechanical energy 
absorbed m such a })roc(‘ss not h(‘ing availahh^ foi- 
furtluM* use. in connection with the overcoming or neu- 
trali/ation of frictional rc^sistanew, but being (jonvei ted 
directly into luiat.or heal energy. Tin* heat which is 
thus 4)ro.luced is dissij)at*-d in se\(-ral ways, such as 
tli(‘ raising of the tem|U‘rature of the ])arts between 
which then- I-. rt‘lati\<‘ motion, the heating of the at- 
mosphrrti in tin* inmu'diate neighhonrhood of th(; 
parts hy conduetion, and tin* heating of remote oh- 
jects liy radiation and convection, in each and 
every c.is(', however, the energy which is so utilized 
is lost to the machine and •‘cmaiiis heat energy until 
•by a protto.ss external to the machine it is re-cori- 
vi'i'ied^ into nieehanical energy or converlcil into 
‘•lieiiiical C4' electrical ciieigy. 

We ma_\ associate air resisianct* which is a form 
of molecular Irietional resistance a,nd an item of 
some ctiiisiderahle im}>ortaiic(* in connection with 
the oper.ilion of ciM’taiii niachim*s - with the ordinary 
frictional resistance to the ridative mf>\ementof solid 
hodii's, since its overcoming rcijiiircs the cxjioiidiiurc 
of mechanical energy, which, in the process, is 
converted into lu'at energy as in the case of the 
above resistance. 

The other point which calls for attention is that 
of the iflerlia# f.f* the tinwing parts of a Biachino. 
Ow'ing to the existence of tips ]>roperly of j^vll 
material bodies, whenever thi^niotion of a partef a 
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machiii^ cliari"es it is ahvavs a(5companie(l<hy*'^hr> 
ap])lication of a forco, wliicii may ix* rf'^arilcd as 
oitlier |)ositiv(; or noj^ativc acrordiii^ to wln‘t[u‘r tlfij 
chaiij'c' in llio motion of tho j)iii t is in th(j nature of 
an increase oi- decreasf*. In other words, to acceler- 
ate the motion of a machine el(‘ment it is necessary 
to apply a force the ma^'nilnde of which is f'l-eatei- 
than tlie ma^nitiule ot the force which is only n*- 
(juired to oviacoiiie the frictional resistance to motion. 
This, of course, involves the exjMMiditure of, me- 
chanical energy, tlunmh in this case the potential 
mechanical energy is not ininnMliatel\ «*on\erted intf) 
heal hut into another form of mocliiuiical ener^w, 
namely, kinetic encM’iry. that is, tlu* kinetic ener^w 
of the jKirt is increased. 

I Til an\ machine, it shuiilcl he observed, siner* iai(‘s 
of motion or speeds do not increase indelinitely, hut 
always ultimaudy heeome zero as it the start, fof 
every acceleration there is a retardation or negative 
acceleration. In this case the ahovi* jirceess is re- 
versed, and tlie amount of kiiu'tic energy in the 
moving ]jart is rediuasl, since the rat(j of motion or 
spe<*d is redn«*ed. Thus, if H the kinetic energy 
lost or given up h\ the moving part ; \V the 
weight of the moving part, in Ihs. ; \' -- the velocity 
of the part, in fe»*t per sectuid, at tin* hi‘ginning 
of the ])eriod of r(;tardaiion ; \\ --- the eorr«*sj)ond- 
ing velocity at the end of tlie pfu iod ; and g the 
gravitational co-e-nicieiit ; then we know from the 
])rinciples of nie.chanics tluft — 



r^)W' this amount ^ol kinetic energy which, it 
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slffejilcl 1)(‘, riMuciMlxMi-*!, \<i ono form of mpciianffcal 
(iiiergy, been given up l»v tin* iiKJviiig part., and 
4iince cneigy^s ila; capability of doing work or bver- 
coming a n'sistance ibrougli space, it follows that 
this ainouni of kinetic (‘iu*rgy is not destroyed, but 
is merel\ converted into anotinn- form of energy. 

In tins* con iK'e.l ion three cases ]> resent tb(‘inselves. 
In tile lir.st case, all tlii^ kinetic (‘lUTgy is reconverted 
inl«> jKitcMitial ineebanie*al erie.rgy, so that the accelerat- 
ing ^nd retarding processes just balanei*. one anotber, 
and lU) energy fnnn iiii e\ternal source is n'qnired to 
pcM'forin the acceknat ing piocess. This is tluj ideal 
e:ise, ami is mwer exact ly attainable in pnicticts. In 
the second ease, :ill the lost kindic energy is ntiliz(‘d 
in overcoming frictional resistances, as in the case of 
a tiain <»i' automobile when lb(‘ br.ik(‘s art* applied 
and the moti\(‘ power cut off. H(‘re all tfie lost 
kinetic energy is converted into he.al ciiergN ai d 
lume is a\;ulable for ii'ie in connection with the 
next Jiccijerating process. In the third case, part 
of ilie lost kinetic (‘iiergy is absorbed in overcoming 
frictional resistances and thus dissipat(*<l in the form 
of beat, whilst llie remainder is made available in 
some way, j'itber as poU'Mlial energy or kinetic 
energy in some other part of the macliiiu*, for use 
in the n(‘Xt accelerating process. Thus, here, only 
a portion of the U>lal acci'lo.rating energy has to be 
supiibed dm-ing (‘ueb cycle of movements frotu a)i 
external source, but this amount, whatever it is, 
?epr(‘S4‘nis tin* amount which was converted into 
heat (imiiij^Jjbe jji'oviou.s cycle. 

We thus see that all machines an*, consumers oi 
meclianie.al imergy. 'rh»*y can, however, he d^’idei] 
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imo l.Nvo distinct classog, namely, those in \vU.'i;h 
onl\ a part of the eiuT^^y whieh is snpjilied to the 
machine is actualK consumed in it, so that a pMij! 
ot this ener^^y is available for use in some other pro- 
cess oi- inaehim*, and thoM* in \\}ii(;h all the (‘iiei'jy 
whieh is supplietl is consumed in th<‘ maeliine, either 
in the actual prm-i‘ss for whieh the maehine is de- 
signed or in overcsunim; Iriciional resi'^tanecs in the 
int*‘nial meehani'sm of llu* maehini*. 

T t) the fiist ela''S all piiine mi«\ers. -uch as steam 
en^une'^ and tiirhines, miei-nal-e<imlnKtion oi explie 
siun eni^Mnes. and ele*iri(; motoi'N and ,i;eneiatois he- 
loii;^. In the ease ni any nj ilie^*, the t-nerL^s whieh 
is supjilied to tlif‘ ma<diine i*, reall\ eon\eited into 
another toim ol en(M;,w wliieli is moie iisehd than 
Llic oiiLmial. Thus, m the ea-^e oi the "team eiiL'ine 
Llu' eu(‘r; 4 \ wliieh is supplied is in ilie form of heal 
"iieri^N whieh is eoni, lined in the ‘•le.mi. and ihi'^. , 
Lhrou;^li the meeli.inisin of th** en.Lriru*, is eon\erted 
iiilo nieelianie.il enei^y, a part of winch i- avaVlahle 
'or use h«\ond llie emjine. tlie lemainder hein-j lost 
I! ih»‘ eii^une itsi'lt in nveieiimiiii: iniernal lesisi 
inees. In tin- ease, of the eleetrie moioj, it is 
dectrical ener-\ which is supplied ;nid nieelianieal 
•ner^w which is ;^!ven out, whilst m ilie ease ,jf an 
•lee.tne ;4eiieraioi tie process is reverse, I, it heiii;^' 
nechanical euei^^\ which is supplied and electrical 
iner‘,w which is \iel<l.al h\ tie- machine. In addi- 
ioii to the aho\e there are machines in whieh me 
liaiiical euer^S is supplied nud mechanical ener*,^'. 
iven out, tiic chiej use of sucli machii', s heia^f the 
lUiration ot the conditions ol utili/alioii ol ilie 
nerj^y, chiefly in regard to speed. 



TNTllODrCTlON 


,0 


J^ii th(‘ scu'-oiul class arc to bo found all nvichiflo- 
lools, loxtib*, inacliinos, wood -^vol•kin}4 inaclnncs, 
yn*ssi;s, (»o\v;m' and oilier bainniers, and prcftjcss 
inacliiiK's ^(‘iinrally. In ibe case of the nandiine- 
tool all the (‘iiei^TN (wbicb, incidentall\ it may bo 
stated, is always niecbani(*.al enei-j^y and n(»v(*r 
eiier^^y in^ui\ other lornii which is su))])lied to the 
machino at the first driving" shaft or |»ulli‘y (wliri-e 
there i> (Mily one drivinii point), or driving' shafts or 
piille\ s ( w lieir t hen* are t wo or more driving points), 
is jlis-,ipale(l ill the vaiioiis parts oi the machine and 
at the CUllIIIL! edi^r or ed;,^*^. nf the to<»l nr tools. It 
Is a!!, howe\cr. denr.ided and converted into heat, 
wliieh pMssrs into the woik, tooi or liuds, machine, 
eliijis or nil nine*,, atmosphere, and luhrieatino or 
ciKiliiaj a;4» Ml w lasiex er an\ such is employed. Tl)^‘ 
oiici^w which is eousuined o»Mle*:radod in the actual 
^niet.il- rcmo\ ine process at the cut t ini' (nlj^o oi* 
ot the tool ni tools employed is Consumed in over- 
coming the internal oi moli'cnlar r(*sisianct‘ of the 
metal to the a<tlion <»f tin- shearine, eompr(‘Ssivt‘, 
twistiiiLT and heiidme foices which are hrou^dit to 
hear upon it in tin* lenioval of the chip or liiruin>^'. 
aial als<.» in oveieomiue th«‘ fric-tional resistance 
wliieli (xa-uis between t lio till nines i»r chips and 
the cm tine fac,(‘ oi faces ol tin* tool oi' tools, atid 
which is due to the intlucnce of the cuttine force 
or forctis which are hroiiehl to operate when the 
tool or tools enter the work. The remainder of the 
ei^'i’ey which is siijiplied to the machine is dissipated 
in overctfininejlie frictional resistances in tlie bear- 
ines, eiiides, and eoar boxes. 

In-om iheforeeoine it will he readih ohsei ved jfiat 
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iho csiKn of the W‘ooml class of iiKU*lii]u*s — of wlvivli 
the nijichiiie-iool is tvjiical — is sojoewhat (lilTei’ciit 
froiii that of the liist class. Id tin? cfU'O of llie ]att(*'*, 
the out.|)Ut of aD\ such inachino can always he slat e<l 
or measured in terms and <juantil.ies similar to ihose 
(»t tho in])ut or (‘nerjiy supplied to the machine, so 
that tlu‘ economic value of the machine can e:isi!\ 
he det<*rinined l)\ means ol experiment, ihi** valu(‘ 
l)ein^^ in the form ol an elliciencv. Anolhei itu'thod 
of relen-in^^ to the eeonomic valin' of eei iain machines 
which h(‘!on;' to this chms is to stale it in li inis of 
the quantity ot the suhstanee tnan which the total 
euei'^^N is derived {such its c'oal, sti*am, waii-r, 
oil, or petrol) per unit of output enei-LW, ami. tliuu^di 
the coralitions under whudi pnme-moveis ^^-maalU 
ivork vai y ♦•onsi<l«*iah}\ , it has hecn foiiml po>,>.ihl(- 
lo evolve standa.rds h\ means of which the e<*nniimic. 
^alues ol inachmes heldUL^m^' to this eiass can h^^, 
deteirnined ami compared. 

Tlic (;ase of ilie machine-tooh howi'Ver, is some- 
what diffcrerii, sinc(‘ its input is m the form of 
eiier;:\, whilst the outj.nt ma\ hf an\ one ol tin* 
folluwiu;^ : --- 

(«t a volume or w*-i'_dit oi metal : 

\h) a supi I licial area ; 

(r-j a niimher of ma('liiiie<| pieces. 

1 roll! one point ot view all these oiiljaiis f)cc.iir in 
evei'v case. In certain case's, however, especially in 
connection with scientilit. investigations, the oiiy)Ut 
(d) is much morr* snitahle than ••ithcr of the others, 
in some other cas,.s, ihf; onlpui is the (pianlity 
wtiich is iisiiallv tiSke.n, these cases eoverine tinish 
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iil^ cuts on |)i(;ces of work. From the po%t 

of v'uiw of onlinary cjj^nnocrin*,'- workshop practice, 
flu; output (•■) is Uiu only one that is of luuch 
si^uificauci*, and it is, Uuucfon*, the one which is 
usually einploywl iu thi^ couiiocliou, so iliat the 
workshoj) elhciencN or economic value ol a machine- 
tool is (leli'rmiiie(J lar^^^ely hy the total cost of macliin- 
iu^' each piece of work dr)ue ou it. This mtMliod, 
ho\\»‘Ver, and iud<‘i'<l an\ method, does not euahle 
staujards to h(‘ evolved whereby the p(Mformauct‘S 
of maehiri<‘-tools wdueh work under widely differing 
couduious and ]ierfoim dillerout kinds of woik can 
he eompai’isl. In all c.i^t where relia hie eom[»aia- 
tive l•e^ulls ai(‘ iiMpiired. as lar as possible the 
mM«*hiia-s shouki work nndea* identical conditions 
so that, even uuwittinel\, an advantap‘ is not^^dvfc‘n 
to any ojk* machijio. 

It may he stated that the f)ulpiit of a machine-tool 
and ^ 1(3 machine eo>t <»t ])roducin^ that out]>ut de- 
pend up< 4 i a number of laetoix, of which tiu' fol- 
lowing are the most iuijioi taut and inlhieiitial : (1) 
the inechiinical elliciencx of th** mrchanism of thi* 
machine : CJ!) ihe accurae\ ol lilting of tlie elements 
of th»- meehanism : (di the airanoemenl and nnmhei’ 
of tools in Use : ill tlie kind an<l foim of tlu‘ t(K>l oi’ 
tools; (o) the ^^emnal design and condition of the 
machine and its eomponeiit ]nirts ; (ti) the kind of 
metal whic li is liein^ m ichiiu-d : (7) the eomhination 
of cutting spe» (l. feed of tool or work, and depth ol 
(^it ; (H) the kind of nuudiinin^ ojicralion whicli is 
hein*; f^t‘rfo)^i»e«i ; (9) the deforce of facility of i»p(*ra- 
tion of the vaiions parts and controls of the machine ;* 
and (10) the use or ahseiicc^of a liihricaling oy cool- 
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in?j Anuni^^ iho other hicrtois wliic.h aro*tii- 

volved Jirti the co^it of Ijihour ajid the jji'opornonale 
reiif and dt‘preeiali()n of tlie iiuiehine 

Xow, jn'iieiically all the improveiiienis that havi* 
been made in woik'iho]) praeiu;e. )K)lh in re^jard io 
rate of:^piodii(!ti()n (<»r the rate of doiin; wc»rk) and 
aecuracy oi tinidi, with a view to ^ii«* jirodnetion ot 
a clnMpc!’ an<l heitcr arfieh*, have nnlN hern made 
possihlr as the nior<* nr l<*ss <li!'ect lesiilt of exjieri 
mental inve^iiiL^nion^x and fjetieial testJiii,^ inJ)«»th 
simps and lah(natori*“;, and rSj'H tii.da\, thnnj^di a 
hi;ih dt'L'rt'e of ellieii-m-v has he«*n attained, it. is 
lonnd iieeessar\ to ('(mtiina* -oiieli inv«‘sti^Mlions ainl 
tests in onler, amongst nthrr thinu^^. to prevent le- 
t I'OLn'essiun. l''iom this. h«>\ve\»i, it imist not he 
iylei red that in ever\ maehine-tr»ol mtiniifaelnrintr 
works ile-re is msta'Iei} a etpiipped testine 

plant and laluajil-*) y. ihoii;.'h this is prohal>l\ true 
^^•nerallx of the larjer works, for there have^heen 
many machine-tool inNesii^.itions maile ii^nniversity 
and t ee.hnical-colh'Lfe iahoratories and shops whitdi 
ha\i- prodnc»-d mnc,h infoimatiun disiinet value to 
the de:si;in--rs, c'»nslruetors, and operators of ma<'hine 
tools, and wiihonl such Kikjw l•■d;ie ihi* nripi •‘ee«lente<| 
j)ro;'ie'S which has liecn iiiadi* would not have been 

po.ssihle. 

Machine-tool tests may !«• <livid*-d iiito the follow- 
inf^ clas.ses - 

1. Those tests which ha Vo as tlnar ohject the 
clnjckinj: ot macliimno ojw-jalions and llm testing fif 
the a(icmy.c\ of the »;omponeni paK-f^tl nfltefiine- 
tools w'illi a ^iew to ^lieii correct litiin^^ and opera- 
tion. , 
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yi 

^ ^^(i(•.h»Ulical-<‘^icioncy tostw, in which thii.ornntjy 
losses and us(!rul-(jnei‘'>jy values are det<-iinin(;(l. 

^ CuUiti^ iosts, hy im*:ins of which the foVccs 
which are hrou^dit lo h(^ar upon the. ciittijig faces 
of th(* tools ern])lc»yL*<l art* delertnined. 

■1. l*()wor-consiiriiption and dynanioriieier tests. 

o. ()ut|tiil tests, in uhieh tin* ontjnd, according lo 
oithei of thrt‘e definitions which have ah-eady hctni 
uiven, is doterinitied or ealcidated. 

t». ('apahilii\ tjr ciitting-idliciency tests, in wliich 
the volmn(‘of nn;tal rtMnoved is a detej“iiiining factor. 

7. Wear tests, in which the niaciiine parts an* 
tested for wear resulting from nst;. 

S. IV'sis on cutting tooU of ir.ii'eriMit forms and 
‘^i/.es, with a view to the determination of the most 
etlicimii foi'iisaiid the geiieial conditions which ai^ 
a'^soclaled with lIk' maximum cutting elVici(‘ne\. 

It. Te-,1-. to check dc'.igiis. such a.s t(‘sts lo delt'i- 
miiiewhai tin ^peed arrangement'-, of a machine-tool 
■u^t'iaflv aie. 

10. Miscellaneous tests, such as the im-ihotls of 
le'.iing metals for machining properties and hardness. 

Tln' aliove classes can hcilivided into ihi’oe general 
'^ei'iions, as follows : - 

1. Shop tests, w hich are tests maile to keep np the 
standard of the machines so far as tin* acmiracN 
of parts and the materials of c«instrnelion are 
coneiTiied. 

2 . (' miniereiid test'--, which are more or less com- 
ps^rative. having .'s their immediate ohject the im- 
})roveni»nt ijf^iytjiut and ilu* geiUM'al conditions of 
operation, without respect to an\ factor which is of 

• a more or less scientific nature. 



w 


TUSTINCi OV MACHINJ': TOOIiS 


•J3. Sv-ifiitilicaml lal)OiMt(»rv in which scienU/ic 
and systcniiilic. attciiiinn is ;iiv(!n Ut the m:niy various 
aspects of riiachin(‘-tool and cuitin^^-Jool oiM-ratio^) 
and ])orfc)rmunco, !u)l.h in ifiranl to power and out- 
put as well as enici(‘nry aiul tin* nai,ni(‘ jind niii.^Mii- 
tiidi* ofjfihe forces \^hieh are assoeiahjd with cnttinj^ 
action. Tin* object of ilu'se tests and ex^peiiments 
is to ac(piire knnwledi;** and inlorniatinn likely to he 
of use to the desieruM’ and nsci' of iinichine-tools, so 
that improveinetits both in liieir design and use can 
be made. 



(‘llAlTKrj II. 

■rr.sTS -ON M \(’.IlINK-’ronl. KLKMKXTS b’OK 
AlHl’KAiV. 

Tim; ohjrc.L of lists is t(MlolL‘rinim* \vlu‘.tli('r the 
' viirioiis pin ts (»i‘ clciiujiits of mu-diiiio-lools have bt'f'ii 
inatl<*ae<iunilelv i».ml so lit ami woik lo^idlier as to 
j)i (Miner saiisfaclorv rcsnUs in tlie opfsation of tlui 
iiiac.liiius. in other words, to deteimine whether 
lliey are made so that the niaidiine as a whole is 
e.ipalile. of Inriiine out work which is aecurale wdtliin 
ci'itain speeifnnl limils. It may Iw* safely assumed 
tliat no machine-tool — no matter wliat the natifre ot 
iis pariicnlai' work ma> he —is able lo }»rodiice work 
whicli is more aeeurate than itself. 'L’herefoie, since 
the jL((^iei al accuracy of a machine-tool is de])endent 
iiltsoluiely upon tlie. accuracN of its compoiuiiit jiarts 
or elements, it loltows that Uum latter accuracy is the 
one lo ir; considered. 

Now, these accuracy tests are of Uvo kinds, namely, 
those ill which the decree of inaccuracy cannot he 
stated as a (piantiu . and lliose in which the error or 
dejiartiiM* from the truth can he so stated. Tin* 
first, kind of lest is juirely a qualitative test, and is 
only ^^merally useful when the adjustment of a 
pitj’l is possible. Tin- other is strictly a (juantitalive 

test.aiuLas sucli is far mort' valuable and useful than 

* •• • 

the former. 

Of these, two tests, the formei^is general I v, thoftgh 

(J 
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ri?>t oxclijsivcl). iisotl in coimnctinn with l.h(‘ losfftijr 
of nniuliitu'-tool parts which an* in course (;f con- 
struction, niachinini;. or liltin*,^: the Ifiilcr is, in tlf;* 
inaj<»rity of cases, the onl\ test which i^ iipplied in 
the ease nf the finished machine with all the [tarts 
in their correct, [tlaces. 

JiATKi: Tiisis 

1. Bed-levelling Tests.- -Tlu* function ot such 
tests is to dfterniiiu* wlietlier tin* ni.ichine as jjl:>ce(l 
down on it,H IduiKlaiion is in such a position that 
Us main element. nani<-l\ tin- h»Ml. is in a peitectl\ 
hori/onial jtosition or in>t ; and, il not, to clnajk aii> 
adjustnamt ol it- positinn until tin* ie(|uiifd po-^iiion 
lias lu'cn seemed. In such tests it is tin* Iw-d ul the 
Ij^lthe which is worked on, and usually lli'* top of 
this. The tests f,>r sti'.ii^ditncss and levehfss or 
[•laiieiiess wliich are naido \\h« n tlr* lied hriiiL;, 
scraped to shape ;tk-»o heloii;^^ to thi-* cl.iss, tlnae 
heiii;4 a e.los(j connection hetween the iwu^ 

Spirit Lrrets. hn' method ol perlmniinu this 
lest and llie usual on*- in\olNes the em))lo\ mciil 
of a spirit le\el. Tin- essential hailurcof a spun level 
is a lieniietically sealed ^lass vial of eirenlar section 
and a more le^s curved inleiinr. 'J’his \ial cou- 
laiiis spiiit ill which is trapped a huhhle (d air. This 
huhhie, which has a densiu much le^^ ihaii that ot 
the spii'jt, alwavs tends i'» lise i.i the hi;jlie,si ]»ai t of 
the vial, whic.h is so arranged ilia! when ii is per- 
fectly horii^outal its liii^diest phint and middle ])oftii 
coincide. In tins ease the hiihlde a^lio'iition 

in the middle of tlie vial which is j>lainl\ indicalial. 

?vow, as is jierhajis not j^cihihIIn kiifAMi, the 
kiton#aI surface of the^ial is cmved iii fia* diri;cf.i(>u 
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Icn^'th of tin* vial and it is to tho top of this 
surface that the . 

I)flhl)](.! of ail- afways 
tends, fn ordinary 
])mcti(*r; this curva- 
tun* whicli is prac- 
tically of a circular 
c}iara(;ter — (laii In? 

^inip:irtc<l to the in- 
ternal vurf;i,oo of the vial in either of two ways, tliat 
is, oilliei- hy hendin;,^ tho tulw' from which the vial is 
made, or hy ^n-indin*^^ th(‘ vial internally so as to 
niahe it barrel shapi-d therein. Tho two forms of vial, 
naiiKily, the ‘^romid and the bent fc/’'in 8 , are repre- 
sented in I, tlu* ‘ground form being shown at A, 
and lh(‘ honl form at B. 

In all high-class spirit lovt Is it is tlio ground lorm 
ftf vial winch is used, since in the processor grinding 
it IS (ii^ssilile to soonri? a higher degren* of acscuracy 
in regard to the cm-vature of the surface and also in 
iOgard 10 the reguiarilN of tli(‘ surface*. 

The v ial is tiNed in a frame - Ix'ing firmly embedded 
in sjiecial cement or plaster. 'J’he nature of the 
flame varies considonihly, such materials as cast- 
iron, brass, aluininiuin, lioxwood, ehunv, and ma- 
hogany being in consiilerahle use. In any case, 
however, whatever the nature of the fi-ame, the Imso 
of tho frame should hi* made of a fairly hard metal, 
and thi* fiamo itself, when nitxde of wood, firmly 
braced to ]novent buckling or Inuiding as the result 
of changes of* feTn]>ei-ature or other atmoephoric 
couditiom. Tlu^ relation betwoeii tho vial and 
base of the instrument is sucli tjiat the air bubble*^)!- 
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index is in the middle* of the visil about the /a‘Vo 
miifk \vlu*n the* hase is ejuiie* Imri/oulal. Tliis con- 
dition is, of eiourse*, re*.iilize*el in the U'stfii*; of the levt 1 
durinjj manufacluro. 

The. (^ve*ra]l le*n^tlis of tlu'se l*‘vels ViU \ from ahout, 
twoinche's to thirty inche*s, hut for ordinaix juachiiie*- 
lool IhhI l«*ve*lling, Ixilh these* len^uhs are* misatisfae;- 
torv, a more auitahh* ranije e'xteudiu;' from si\tei*u 
inche's to twenix inches. 

When s])irit-lt‘Vels ha\e to he use‘d on slajfts or 
Ollier [lart'' of circular or curveel se‘cLion, it is better 
if theMi’ ha^es an* jirovuleel willi vee'd or e:urve*d 
jrreioves, *,0 that the user of the instrument can |)lae*e 
it on the* shaft ami he* »|Uit«‘ suu* ilini the* asi- of the 
instrumi'iit is jKirallel i<» iht: axis oi tie' shatt. 

Siam* Npirii-h'veU an* eMiuijijied wiili eTo^s viaU 
for transverse* testin^^ ssliiUt euhers have additional 
vials for veitical leslin;^^ In other lornis. an addi- 
tional vial is imamK'd on a hin^red eir pivo!*Ml arm 
which wejrks ovei a oiaeluateil scale*, ih:^ he*iii;.; Use- 
ful in c.ase's wherein it is desin*d to s«*i a part in a 
eh-finite aneuiar positiem ea ie» test the* aeu*urae*y (►f 
such a jiosiimn. 

Sftirit icu'l < i fiitiinitit'Hs. The- vials ot spirit- 
levels can he maik<*d eu ;iradMat.i*el m a \ariot\ of 
ways. The two e;oinniiuu-st waN*' an* to mark the 
vial or its frame- at the* middle* eif the* air-huhhie* 
when the base* of tlu- instrument is (piiie* hori/.ontal, 
and to mark tin* vial or its Jiraim- at the* two emls eif 
the huhhit* \vhe3n the same conelilion lias he*e;n re*al?/e3d. 
On sucli vials the*re* are* ne> ;.iraduail(>nf| an(l*thi! le*veds 
\thich contain the.*1i« can onl\ he nsi*il for ejualitalive 
wf>;k, though this is i|}l lliat is reejuire-d in the; inajoritT 
of cases. 
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Virji(liijite<1 vialj^ can Ixi niarkcfl out in at least four 
(liiTereiit ways. Tlicsc ai(‘ (1) in fractions of an iycli, 
or inilliinctns f {:j!j in fraciioiis of a cJ(*grt;(% or minutes, 
or seconds ; |)i) in inclujs or fniclions of an incli per 
foot; and f t) in hinarv or vid^ar fractions with unity 
as llic nuin(‘rator in <‘vcrv case. 

Vials wliiclj are ^naduated iji the first way arc 
j^eneially ])rovided with niarkinj;s or graduations of 
either in. oi- in., or 1 millimetre, such a system 
of nijukitig usually giving no indication of the value 
of each division so tar as inclination of tin* level is 
conceineil, though hy iiieans of a test it is always 
possible to deierinitie lliis relationshij). 

\’er\ Sensitive vials wlum graduat(‘d in the second 
W!i.v r(‘ad in units of two seconds or four seconds, 
whilst less sensitive ones n^ad in one-minuie or^ivc* 
minute ilivisioiis. J»\ m(‘ans of this systejn of iiiark- 
khig the actual in(din:i.ti<»n of a plane surface can he 
read olJ‘ (hreetly. 

The tliir^Uforin of graduation also gi\es the actual 
iiielinalioii, hut in this casi* it is represented hy the 
rise of tlu* inclined jdane per foot length of the base 
of the plane. In other words, it gives a ilimeiision 
which is juoportional to the tangent of the angle of 
inclination. Jn the metric systt*m of im*asuj’ement, 
the corresponding form of graduation is millimetres 
per decimetre or jxu' metre. 

The hinary or \ulgar fraction wliich is tin* basis of 
the foui th method of graduation is really eijual to the 
tan;!cnt of the angle of inclination with unity as the 
mimoratoV 

JieliUii'ns hehrecn (had nations.-^ 

ijct I - the, length of each gijjiduation of th«^ lli-st 
form.measuifjd in, say, inches; H = the radius of 
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2 ([), 

t 

i 

curvature, in of the uppcM- internal surface W 
the yial (as shown in I'ig. 2 ) ; and 0 - the. inclination 
of the has(i of the level required to 6 ause the uii*^ 
bubble or index to move through oiui division of the 



I'lci. 2.— Spirit 

vial. Then, if we assume that the length I is tneasurod 
on the circular surfaw*, we have that 


j.(y. • 0 fin^aradiaiis) 

. (^) 

1 

j, niinuU'sf • . 

. Ct) 

17,1'JOf ^ , , 

— 77 — (in seconds) 

It, • 

• (4') 
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ifVo assume that the dimension / is a straij'ht line 
qiijintity (either tangential or chordal), the aj;K)ve 
fbriiiulin are ^till applicable since the value of 6 is 
oidinarily exceed! iif'ly small. 

Ijot i — the value of a graduation acco‘<ling to tin* 
third system of dividing, in inches or a fraction of 
an inch ])er foot. TJien — 

- tan fy . . . (o) 


--- 0 fin radians) practically (6) 
Jtelating expressions (2) and (5) and (fi), we find 
that : — 

/ 

? - j, practically . . (7) 

and that ^ tan . . (8^ 

Tliis tract 'Oil oj* is also equal to the binary 

or vulgar fraction which re|)resen is the fourth system 

• 1 

<il dividingfind inarking. so that if we let re])resent 

this fraction vve have that — 


/ 

Uli 


from which we ilerive this relationship:-- 

12 /.* 

. . 


, ( 9 ) 
( 10 ) 


H- lieing invariably a largo integer. 

The angl(! 0 (whatever unit it is measured in) may 
1 k^ detined as the angular value of each division or 
gnftluatioii of the lisvel, the dimension i as the slope 
or inclin!ltion*v^hie of each division, and tht^ fraction 


as the tangent value of the same, 

H 
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III tlu’ following tiiblo }ir(‘ llic vsilms of /, 

and R foi' various valiu‘s of 0 {lhl^ aii^nilar valuo f>f 
i^aoli division), lw<‘ values ol / (ihe len;^tli <»l a vial 
‘graduation) lieine taken in the ease of I lie values of 
the radius of eurvaiure. 

TMM.H L 
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!il)Ovo coiisidtiraiions apf)1y strictly only to tRe 
tuixilar form of spirit level. There is, however, an- 
(Aher form of »])iril.-l(‘vel in which the ^lass or vial has 
an upper surface* which is splierical or sphei oiilal. In 
this form, the iiiolion of tlM5 air-hn])hle is not limiiofl 
to one elirection (as it is pr:w*-t.!<.‘ally in tlie oi’dinary 
form of level), so that such an inslruinenL can he 
used as a crtjss-te.st level as well as a straij»ht-tost 
lev.'l. 

Untlrosltilit I.ri'i'L - In this form of levelliri;^ in- 
stnnneiit the f:i.et that water always tends to find its 
own le\(«l is made use of. Ii consists ess(‘ntially of 
two exac.tly similar ^raduati‘d cNliiahu's with a flcxihlo 
j'onneclin^ tuhe helween tlu‘m. d’he two sets of 
(‘slindiji* j^iad nations should he exactly alik(5 and re- 
lated in exactly the satne way to the bases of tl^^ 
e\linde,rs; otherwise tin* instrument is practically 
worthless. In any case, howt‘ver. unless some foim 
of iiia^nitym^' apparatus (such as a microsco]>e) is 
emphoed i^i connection with the n'adinj's. the results 
which are ol)tainahle do not com]>arc; with those 
which are ohtainahh' with the ordinary spirit-level. 

With tl>is instrument the dill’erenc<i in level ho- 
Iween the two points or places tested ecptals the dif- 
ference hetw<*en tin* heij^hts of water in the two 
cylinders, llu; liij^her cylinder showinj^ the lower head 
of water. 

(haritji or Pcmhihm /,crc/.— The princii)le of 
action of this insti'iimcni is based on the fact that the 
hfll) of a hea,vv juMuliilum when left to itself always 
occupa^ ils^<!ii.W'si ])ositi()n, so that the lonj;i(iiudinal 
axis of the pendulum is thus ahuiys )>erfectfy vertical. 
If such a pendulum is supporttHl in a case, ohvjpusly 
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the poiitioii of it in the case will vary with a^iy 
variation in the direction of th<* hast* wiili lespect to 
the horizontal. In one form of this ii. slniniciit, tlv*, 
motion of the ))C*ndnliim is tJansmittfil throii^^h 
toothed gear wheels to a ])ivot«'d neetlle or pointei* 
which works over a graduated dial. Tlie graduations 
of the dial can he ifi degrefs of inclination, inches 
per foot, or fraciions of an im-h por inch. 

.Ver/o// I*r)ulul(inirli‘r.~'V\\\ii is a [irecision level 
which works on the* }»enduhnn j)rincipli‘. It is an 
American instrument, and was originallv designed 
for the testing of the beds and wu\s of grinding ma- 
chines for siiaightness, evi'imoss. ami paialleli.sm. 
It can, howevci, he used iu (M‘dimir\ levelling tests. 

In this instruim'iit th<,‘ jiemlulwm holi consists of a 
l^*ad weight, weighing some -10 Ih. aAoiulupois, this 
Iteing supported at the (*ud ol a piece of line -^tt'cl 
piano w’ire of a lengtii of U) tt. The movement ol the 
boh is commuiiicaterl to a long pivoieil needle, which 
moves over a graduated scale, the total iiiagnitieiuion 
(which consists <if two distinct parts) l»eing in the 
neighhourhood of oHO times. Thed«‘gree (jf seiisiti\e- 
ness of this instrument is of llie older ol N OdOg.'j in., 
that is, dimensional and sinfac* \aiialinns of this 
magnitude can ho discovi'ied hy the use (tf this in- 
struim'ut. Forth** determination of ti.iMs verse varia- 
tions a secoinl needle is pro\idiMl. the magnilving 
powder of this being of theorderof Ltd times, and the 
degree of sensitiveness ecpial to that of the other 
needle. Thejiondulurn supporting wiie is cneaseildn 
a mast of seamless steel liihing, wljiks^ the** needles 
(which are made from thin aluminium sheet) are 
protected Irom the influence of air currents hy being 
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suK'oun(l(‘d \vith Klieot-flttiol f'uards. 
ciplo of Jictioo of tin's insti-iimcnt is 



-i — 

I “ 


I 

Fii.. 'ft. I’riiilui.'iiiit'ior 


Tho prin- 
ilhistrated 


diaj^ramiimtiviiiJJ)* #ii Fif(. 1* the pendulum 
l)ol», W the suj)]K)i tiii^' wire, U the }|,oirit of suspension^ 
i! the nccdit! of the instrument, and B tJie ba^. 
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It will Im' oijservod IVoin this dia^n-iim that the- 

whicli t)u‘ p,Mididinn swing's is cxartlv espial to 
the inclination of the base oi the insh innt'nl, so ttal 
the nioveineiit of the hoh of tlic pendiiliiin will In* to 
the rise of lh<* hij^h side oi- edp* of the base in tiu* 
ratio of the lenj^th ol ilie pciululimi to the leii^itli of tln^ 
l)ase. ’riiis nilio is oOlo 1 in one direction and L'hd 
to I in the other. The :i\era,ne niaenif\ine power ot 
till* msdle alone is 10 to I. the total inaenifvine 
jiow’er of llie inMrninejii h«-in^ »Mpial to the ])ioilnel 
of these ration. 

VV.s/.s.— Thi’^e test>^ nia\ hi* divided into two 
elapses : ;ren<'ial and local le\» 1 tests. Tlte former 
lest lias respect it) liie een.*ra! imi i/tnitalii v of the 
wav'" of llie lied from • ml to end ami tiom Ironl to 
ha(;k when it is phn-ed on a sohd loundalinn, as 
everv lathe bed slnnild he hefoie the tinal seiapine 
o))eralions to remove the tool mat k" and In eoi leet an,v 
mae.hinitie inaeenraeies are peifnmnd. 

This test, can he prifunneii l>y n^eans of any 
one of the insunnirmts described jdiove. thoneji the 
c()mmonest iiistnimenl which m I'mploviHl is nti- 
donhledly the spintdevel. The le\el used should h(* 
aocnjatelv m:oh and mai ked ami fairlv laie<‘, imd 
jnovtded with a metal base or metal hasr-inseri" so 
as to re<ince tin* j)ossi!)i]ity ot weai on tin- base. .\ 
jevel which IS pHivided with loneiiudjujil nmj (.-los^ 
vials can he e|||p|()^ed at one scttine l«) te.st the bed 
foi hori/ontahlv in hoth^ihe lon^nindinal and the 
tiaiisverse directions. Otherwise, of <*onrseo two 
<lilTerept seiime^ iiave to h(Mnatlor» , In ♦very ease, 
however, tlie ohieel of the lest isineielv to otlei a 
{^U’ide which will indieate wlien the condition •jf 
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trriioral hori/ontulity of tlu* hod has Ihhmi rts'Uizf'd in 
oaoh !iforoin(iiitioiu‘d dircolion. Tliis test is thiis^ a 
OM<‘,*and docs not admit of tho rnakiii}^ of 
ni(‘Msnrcmcnts or of tin* ohtaininciit, of data of a 
(juantitaiivc nature. 

In some eases it nia\ Im- foiind nocessarv, o\\in.L^ 
sa\, to the limited eapaeitv of tl»e spirit-level, loliavo 
recourse to tlu* us«* of parallel strips or ]iaralkd 
^tr:iielit-ed,iies on wlueli to place the lev(il. Snob 
pieces of apparatus, if used, should la* aoeurately 
made and r(*liiihly parallel. Parallel stiips are, 
^u*iu*rall\ . of two lortris: th<*se heine distineuishahle 



4. SrcliiMis of ''tf'cl stiii(ulit-eil}'C'^. 

IVnm one anolhe]- hy the ditlerence in their sections. 
The first form is the block or prisjiioidal form, havinj' 
a S(juare or reclan^^ular section, Tho oilier is usu- 
ally of I se.clion. lloth are made of steel or si‘asoned 
cast iron. Parallel sirai^dit-edecs an; invariably 
lon^UM- than parallel blocks or strips, 'riioy are made 
of .sii*el in the majorit\ of cast's, aiul exist in the 
several dflYere^t^st'ctions shown in I’^if^. 4. J'’or thi* 
majorit} of ordinary ojieratious, jdie forms A anil 
are, eijually suitable, thouj^di when the stniight-edgc 
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has tb h«> ns(‘(l as a panillol strip, pi(*fia-c‘nc(‘ should 
l)0^<jiv(.Mi to tlu* form A. 

In rej^iird to tiie traiisvoi^lo testing V)f beds ]>rovitf[<Hl 
with raised itivt‘rti‘d voo ways, it should Ix' noted 
that, unless there, are two vees of pi’(‘cisely the same 
Iiei^^ht or unless a eompound level is employed, a 
ditliculty may he exjierieneed. 'Phis can, lu>wever, 
usually he overeome hy makin;^ use ol a packin^- 
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strij) or small parallel siri]) t)f the Sana* heii^ht as the 
vee to rest I he l*‘vel j»n. 

A rather unusual method of n-stiii;^' a lathe Ijed for 
f»onoral hori/iomalitv is indicatetl dia Grammatically in 
l‘jG. .*). In this casr use is nuide ol the jihvsical 
fact that the Icjvel of still walt*r i.*^ always horizontal. 
The water is contained a Ioijg , fairly shallow 
vessel T — such as, lor example, a leiieth of chann(‘l*iron 
provid(;d with ends. 'I'iiis vessel is«sf.jrfp()i t^d in soirie 
coDvenierH mannei^ lliouGh then.* is Jio ireed to set it 
infill exactly horizcailal iiosition. The position df 
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thn Vossul wiih resp(;ct to the Ijed of the lathe is, as 
is indicated in the. approxinuitelv ])ariillel. 

Orf the l)od of tlie lathe (which is ItJtieied J{ in the 
fi^nire) a ])lan(‘ surface plaUi, P, is used, tlie plate 
heiu^^ turned over so that it rests on the h'\l with its 
jilane siirfaiK; on tlie und(‘rside. A horizontal arm 
is attaclH!<l to I he ])late, this arm caiT\ in|^ a simj»]e 
microscope. M, ol' im dium ]>ovver. The axis of col- 
jimation ()| tlie microscope -that is, tlie axis of the 
iuhe of tln‘ niici‘0‘>eo]>e -should he ariani^ed as 
nearly vei-lieal as jxi^sihle. 

In the test, when the jdalc^ P is at one end of the 
hed, tin* niici'oscope is adjusleil nniil the surface of 
the water is hroiitilii into locus. 'Phe plate is then 
moved alon^ the hed ol th(‘ lathe to the other end. 

If the snrlacti of the water is stdl in focus the surface. 

• • 

ot th(‘ Inal is generallN horizontal. If not, then the 
distance ihruuiJih which the collimator tube of the 
miciMscope has to he raised or lowtued in order to 
h.-in^ the s ui^'ace of the wattM- into fo<!Us a^ain j‘epre> 
senls the jhlfercnce in level helwcen the ends ol the 
l>ed. Ojdinarily, howc\er, this dimeiisiou is of no 
\alue whatever, so that the setiin*; of the microscope 
is not altered hut, instead of this, the end of the hed 
is raiseii or lowTied, whichever is recjuired, until the 
surface of the water is aj;ain hroughl into focus. 
This melho<l is a roliabh* one, but it is not as easy to 
apply as tlie spirit-level method. 

Local hed-levelling tests aie only made during the 
prosess of construction and erection of a lathe ; they 
are pracliicall^ civver made when the lathe is fully 
etjuipped and rojuly for service. ^ These tests can be 
divided into tw'o classes, namely, those wdiich jure 
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iiia<l(V diuini;' tlic process of liuisliin" the bed either 
by scnipinjT or giindin*', and those wliieh arc made 
on the iinished ))ed as a final cbecA ; and though 
both are desirable there are machiiU 5 tool maiiufactnr- 
ing works in which the first at least is not a])plicd, 
the scraping being done without tlu* aid of any gauge 
and implicit confidence placed in the work of the 
planing or milling machine. This latter practice is 
not, howevt'r, very satisfactorv. since it is practically^ 
impossible to machine on the planing or millitig 11111- 
chine long ]»arallel surfaces sullicienilv accurate lor 
fitting without any (un-n'ciion. 


A A 



Surfaces which have lo he. hon/.oiital are Uwted 
for local truth l»\ means of a ]ilan(! surface plate, this 
being run over the surfaces moie or less light l\, tin* 
locatioji of high and hard places being indieaU-sl h\ 
the, use of a iiiarKing of re(J lead or Venetian red be- 
tween the two surfaces. In eeriain cases, also, the 
general llatne^ss of the surface (apart entirely from 
ge.ieral hori/ontalityj can ho tested by moans of a 
straight-edge, one form of which has already been 
described. .Another and suyinior IVnni for this kitul 
of work is rejuest-nted in I’lg. fJ. This is a straight- 
edge, whie}) is made of tine-graini^J cast n^on, and 
I'as a test surface rather than a tost edge. This sur- 
fffbe is shown at S m the figun?. The luick of the in^ 
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sti iihicnt is curved more or less paniholically in-ordor 
to prevent oi’ resist tluj distortinj^ iniUieuce of its 
wdight on tlie •Lost surface. On the brack are cast 
two lugs A A with pliiue surfaces, those being used to 
support the straight-edge when it is not in use. On 
ftoine ctlges tlujso lugs are replaced by hard wood feet. 
The back of the. straight-edge is in the form of a 
flange vvhicdi is connected to the flange S hy a wel) of 
reas»aial)le ilnckness, this v\oh being stitt'oned by a 



number of cjosa ribs disposed uoifoimly from end to 
end of the straight-edge. Hetween consecutive rilis 
Uie web is centred to reduce its weight without im- 
pairing its resisting pow(*r. 

h’or the testing of vertical and inclined surfaces 
and*coml)inati()ns ol these and horizontal surfaces it 
is usually foui^iioc.essary to use a special testing jig 
oi‘ built-up or formed surface plate. 

In Fig. 7 is shown the form of such a plate^for 
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testing and cheeking the truth of the four vertical 
gujd(i faces of an ordinary I'higlish lathe bed, both 
with respect to CMieh other for paraKt‘lism and with 
respect to the hori/ontal sn» faces, ll consists of a 
plaU' A, the length of which is apj)roxiin!itely ecpial 
to the swing of the. latla* or, sa\, twice the height of 
the centres of tin; latlie above the upper surface of tin* 
bed. To the undtirsidt* of this plate are attached 
three blocks, 11, and h, the snifn(;»*s of which ate^ 
car(‘fullN niachined and sc.ra}H'tl so that the blocks 
are exact rectangular prisms, with faces par:ill«-l to 
and at riglit, angles to one anotln*!’. Tie* l)loek II is 
iixod permanently to the plate A in a l■^‘cess tU the 
front as shown, the under surfatjc of the plate and the 
vortical fiici^ of the block being noriiial to one atiollier. 

• With this block only in position the truth ol thefnmi 
vertical face, is tested and ehocKed. 'Phe hack block 
C is attached to the jdatc, its ])osiiion on tlia 
plate, and with respect to .\. being e\actl\ determined 
by the means shown. I’lnallv, the D is at- 

tach<‘d, and the in>ide facf;s of the shears of the bed 
scraped until this l»lock can he inserted between the 
two shears and the whole plate moved along tlie bed 
with ease, hut not accompanied by slackness at all. 
In place of one middle block, sometimes tv\o ar(‘ em- 
ployed, the positions of the.-^e l)emg adjnsU.-d one at 
a tirno. 

When the )»late can he easily imd sieidily jiushed 
on the bed w'ilh all the* ldock«s in their linal positions, 
it may he rightly assumed that all ilm tested sm face.a 
are pai'^lltd to one another. 

.A jig or gauge li)r checking th - truth of uiider- 
sicte horizontal surfaces is shown in Fig. H, which is 
Ktjlf-^'Xplaiiatory. 
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For tih<‘ of sin facos wliich are eoin])onii(lr‘fl 

of horizontal and inclined 
fac(AS. as in <5!LS(i of 
llie hed of iho ordinar\ 

Aineric.in lathe, a ji*' or 
tesL of the lorm 

shown in I) is em- 

])lo\ed. 

Anoi hor ni(‘! hod of t*'st- 
in^f tin* sni’facc ol tin* h(‘d 
of a lath'' for local acenr- 
iic\ in rej'iii'd U> llatncrs 
and ali^iiinoiit iioolvcs 
the Us” of a lon;^ wile lof Kn,. s.— I m'iI tosiiiit,' 
iinifoi'in diaUK'lei ) placed 

iimh‘r tensi(jii. 'riie wire iis*d should he ordinary 
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fine steel ])iano wir(‘. This should bo stretched 
above the to]) of the hed and lietweou the twoendg, 




34 


TKSTIN<5 OF MACTIINK TOOLS 


This can he done l)y seem ing,' a strong ])lal,e to each 
end of the hed, and fitting to each an adjnstal)h’ 
threaded eye-holt, in the eye of which the wire is 
fastened. The tension in tin- win* can then he 
adjusted quite easil\ li\ means of the nuts on tlio 
shanks of the holt*;. It shouhl I>j adjusted so that 
all tile sag is taken out of the wire. 

In the tes\ tlu* position of tlu* wire with respect 
to tile top of th'* hed is initially adjusted 
until the wire is geiif'ially parallel to the 
top of til * lied. Tliis condition can lie 
reali/.»*d ihiough the niediimi ot somo 
form ot m crometer screw oi‘ vernitjr 
gtug*‘ (prefenihly the l.irmer). 'I’he 
inside form of mieiome'er screw gauge 
(rejirescnted in I’lg. 10> is piohahl\ in 
this coniiecinnj superior to any oth ‘r 
form, though it is possihh* to obtain 
satislaciory results with theusi of height 
and depth gauges of tin* miemmi‘t.er 
scr ‘W type. This iiisiniment is plac«‘d 
hetwei*!! the hed ami the wire (as show’u 
at V in IVg 11) and aljiisied until its 
ends an- ju^l in coniacU with these. It 
is then renifived to tlie other end of the 
hed fas at 11 in the saim- tigure) and its 
, reading tln-re noted. It the rearlings for 
silk* niK-m the two ends coincide, the wire is goner- 
"''■‘‘■r ally panill. l Ic, lliy silifiu:.' of Ih.' Iwl ; if 
tliev are ddferent th‘‘ disposition of 
the wire is alter (I hy adjust rm*n| jit om^ end until 
they ifgrec. lo>r the testing of the ImvI for local 
li.itiiess, the g.iuge is us(d at dilVerent plaot's alot^g 
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tlici lenj^tli of Ur* b(;(l, the clilTenMiec^s hetwoeri the 
readings for these. ])Oriitions and the ontl reading's 
noted. Wherever tliere ar.* dilTtMeiices th(‘ Ixid 
is st5rsi.]M*d down iiiiLil tb(‘ dilTerencos disai)i)(‘ai-. l^y 
this nieaiis the wliole lenjjth of the h’d can h * tested. 

A slight inodilication of th(‘ ahi)ve arran^Rnnent — 
and on(‘ which makes iln* test easier of accomplish- 
ment — eml)odies Iht'. use of a teltiphoiu; n'coiver, 
])uzzer, or electrical hell or si*;nallin^ api)aratus. Tn 
this cas(i the i(‘stin^^ wire is insulated hy means of 
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vul<^auized lihro or ehcuite washers and hushes from 
tlu; lH‘d, hut it is connect.<‘d to Ofie of the poles of a 
l)attery of dry or Ijeclanche c<*lls. The other pole of 
the battery is connecU'd to the receiver or buzzer, 
which in turn i*! electrically connected to Iho 
micrometer ^taujte. The micrometer gauge, which 
shouJd })releral)ly he ])rovided witli a small, perfectly 
flat has»*,*is n^o»'i*Ll along l»e.twoen the IkkI and the 
wire, always in contact with the fonne.r. By setting 
the gauge initially to give the reading of the t^'O 
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(iiids, jiiid rodiKjiii^^ this hv, sjiy, O’OHOI in. so jis 
to koo]i tho riHi(*iv('i- (jirciiit opnn ^vh(M^ \hv. is 

at (‘ilhcr ond, it is ol>vious tiuit., «is the is 

iiiovimI alon*^ th<; l)r<l iiiul tlu* wiiv, the 

cii’caiit will only In* clo-iiMl tin- si^Mial j^ivc'ii when 
a hi^h pla-cc iti tin* siirku'e «)l tin* lu'd is ifiU'liid. 
This !i]))Kini.lns rnahl(‘S v.iriations of tin* onlfir of 
O'OOOl in. to lx* roadilx d«*t<r,tcd. 

Local itiaccnracits in tin* lovrl of lathe he Is can 
also he del(*cted In means of the jx'tKlnlamcief which 
has heel I aheadv described; in tact, it was for woik 
of a kindred iialnrc* that this precision iiistniinent was 
ori^dnally desi^mcxl. 

2. Headstock Tests. -TIm derive of accuracy 
with which stock is machined in the lathe depends to 
, no slight extent upon the dej^rer* of exactitude which 
is endiodied in the const met ion and erection of tlie 
two headstocks. Hence, it is necessars to test ll\e 
various jiarts of these;, both elurinj* the (;ie(*.tion or 
tittin^^ process and u))oji their comj)leiion. 

2/ca.st(riHf/ aud Imlkalhuj l/isfrmnrH/s. — In con- 
nection with such tests recourse ha.s to he had to 
indicatinj^ and measurin*^ instruments, by means 
of which eccentricities, ohlwjuilies, and rectilineal 
din'eronces can he determined, or at l(!asl discovered, 
tlK)n}^h in cormeefion with tiie final set of tests it is 
Vl,e\U‘.vaU\ desivahle to (»e ahl«- to slate tin* observed 
errors as dt*Ai\nVe (\uawV\\\es. T\\ese tw^Vtwtwt'wVs cavu 
he divided into thr^e classtiji, litese hriiej as follows . 
tri) Measuriii}^ iintruments workiiiLi on the mi 
cromelcr mtcw v^an^re m- ; f|i nien ]»nnei)»le 
(/h Non-measurin;," indicating' insirniiw;rits : and 
Measuring indicating inslninients. 
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— Tlic* i'orm of mici'omeler- screw 
^au^e which is the inost. cinploytid is the 

jlai^i microm« t(‘»( head, as illustrated in Iml^ 12. 
riiis consists (ji a bar- b 

■(‘.1, 1>, on wdiich a 
on^niudinai scab* is 
inai'kod out to rciid, 
in the I'iiij^lish system 
:)f mcasuj'cancnt, in o T 

^>l■neths of jin inch, 

)i\ in ihf5 metric 
^_\stem of measni'e- 

iiemt, in miliiineiiw's 

, Ki«., 1*J Micionn Id 

1 half jmllimeiics. lujid. 

1 )n iluj hiuiel tlie 

ihimhie or sb-eve, T, works, the connection between 
Llie liaiTcl and ihc thimble hein^^an accurately pitched 
scrijw aiul nut, in ordinary Ku^lish inicromctevs 
the pitch i)l’ this screw and nut is a fortieth of an 
inch and coincides with the unit of the lon^^itudinal 
' Je on the hai’rcl. Attached to the thimhlo is the 
spindle, S, the outward or inward movement of which 
is de.ler mined by tiio amount of rotation or revolution 
ol the ihim))l(' round the barrel . Iv.ich complete turn 
rjf the thimhie corn'sjionds to a lonj^itudinal or axial 
iJioveineiit of the spindle of a forti<*th of an inch or 
D’Olir) in., so that (*ach of the iwenly-hve c’ncidar 
d'xwswaw. o\ \.\\c, tVnudAe c.<nveH\Mu\ds \o a U\ovisandth 
of an inch movemi-ul of the outer end of t\u 
spindle. 

With some ins^fttments it is possible to read or tes 
to a ten thousandth jiart of an inch by mearfs of i 
V'M niei’ scale which is providcal on the harrcl. Tin 
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principlo which underlies the use of this device is indi- 
cated ill the figure liolow the diawiiiE' of the j^au^^e. 
The veriiioL-scale lines an* ai ranf^ed parallel to tlie axis 
of the instiuinent, and are eleven in niiiiiher, thesis 
encIosinf» ten eipial s])aces or divisions, which lo- 
E'ether are equal to nine divisions or graduations of 
the thiinblo scale. J’lach vernier division is thus 
equal ill magnitude to nine-tenths of a thimble 
division, which represents O'OOl in. so that the 
dilTerencii between a thimble division and a vernitiV 
division represents a movement of the spindle of or.e- 
tenth of 0 001 in. or 0-0001 in. The immher of 
ten-thousandths of an inch above tbe thimbli^ reading 
is indicated by tin* number of the vernier m-.irk which 
coincides with a ihimbie maik. In tlii^ case il- 
lustrated this nuuiher is 0. 

The micrometer head is usually litUid in an arm 
or adjustahle pan wIu‘m in actual use. 

Otlicr forms of tlie micrometer screw gauge are 
also used as, for example, the ordinary microm(*ter 
screw' gauge, for external measuremenls, and tlie in- 
side gauge, but, generally, these work on tlie ])i'inci])le 
described .diove. 

Noii-'measurintj Indiaitnrs. — ■ Tliese instruments 
(sometimes called “ wigglei-s ”) do not admit of the 
actual meisurement of errors, though tlu'V enable the 
presence of errors to be detected. They usually w ork 
on the principle of magnilication, the operation of 
which causes the movement ol the indicating element 
to he several — in lome cases, many — times as great 
as the actual error, whether this he .quo of eccentricity 
or obfquity. As instruments for use in piTcis’on 
testing they are practically worthlt;ss exaqit in thqse 
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casoH whcToin only qualitative results for the pur-«. 
l)OiiGS of cornjction arc required. 

One form of §uch an instrument is represented in 
Id. Tn this fif'ure, T represents the test piece 
(suppos(;d to he circular in section), E tJie boldei- of 
theinstniiiKint, ;\ tlu? indicator spindle, ana 1* tlie iii- 
diciitin^ needle* o»- })ointer. The spindle A is seem-ed 
in tlie part 11, which in turn is mounted in the part 



I'lC!. Ei. Sjinplc form of iioii uieasuriitf' tost iiHlirutor. 


(J SO that it can I’olatc* freely on a horizontal axis. 
C is mounted on I), and lias a viutical axis of ro- 
tation. The parts J», (', and 1> thus form a modiih‘d 
univeisal joint. The spindle A is so arranged in 13 
that the comliined length of the spindle and pointer 
on tlie one side is several times, say 20 or dO times, 
as great as tlu; length of thi* spindle on the other side. 
Any movement of tlu* short part due to variations in 
the surfac i or motion of the test piece is therefore 
magnified 20 or^ dO times during its transmission to 
the end of the pointer lA 

It should he ohserve^d that the Jioiiiter 1* is inserted 
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.^n tho s]»iii(lle iind n'lnovahlt! tliJM'cfmin wln'ii, for 
!iny lojisoii cr, it. is louiul uocissiuy to alter 

tlv' (lej^n ec of nia;4iiiricalion. 

Ill Id issliown a.iioiliei Ini lo of iioii-nieasurlii^ 
indicator. Tn this ease a s]»riM^f A is nioiinled on 
lla‘ base (\ tin* end of this spring acting as the in- 
dicatin*,^ needle and imAinj'in front of «i.n iin^naduated 



face li. With this form of indicalin^f mechanism it 
is not ]>ossil>Ie, howover, to ol>tain ev<*n a nuule'jate 
dii^rec of magnilication. 

An Jiiiiirovised form of non-measurinj^ indicator 
is illustrated in Fi*'. lo, It*consi>.ts of an ordinary 
unjointcd lli-inch steel rule. This (rejirosented at S) 
is cm])loyed in conjunction with a slahp-(‘dged bar 
or turning tool, 'J\ ‘With the latter secured rigidly 
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in tlui lool ])Osl or (tlainjjs, thi* vult; is 
shown in tlio ii^nrc, ainl tlv; indox liiif^or is then 
pressed li^dil1y,on the rule at tin* j>lace inarkrd'A. 
Tlu' ]»lt‘Ssiire. cx^Mled hy tln‘ iin}»<‘r keejis the rule 
down on th * ed.i<»‘ of the tool and up sigainst the sur- 
face of tile test hai‘. Tin* line of conlatit hetweiai 
the hir or tool and tin* rule is the axis ahout. whi(di 
an\ movements of the rule <lue to the eccentricity 
or unevenness of the surface ol the lest har occur. 



J' K,. J - IniproxiM'd ti-sl iiiiru'siloi i»r tlic iHin-iiirnsiirni}' type. 

If the ruhi he ])laced in contact with the test har at 
Its extreiiK^ end, as shown, tln‘ii ihedej^rec of iuaf,uii- 
lication is sinn»ly lh<* ratio of the two len^^tlis of the 
rule. 

One form of centre test indicator consists of a rod 
or sjiindle of steel jirovhled with conical points at 
the two eyils. (^lu* end is ins(*rted for some distance 
ill a m(‘ial ririj; and diametrically ojiposite toil needle 
or ])ointer. Tlie inner (md of the spindle is placed 
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in a small uoiitre bole, in a strip of spring steel Jixed 
in a holder. 

^fcnminny fmlimturs, — These instrLinienls, as 
\v(;ll as those with which wo have just dealt, usually 
go under the generic description of “ test indicatois 
These can l)(? used in connection with piecision woik 
of the higlujst t} pe, though the degree of sensitive- 
ness varies faiily eonsidei-ahly, ranging as it does 
from 0 0001 in. to OdOl in. 

Tin* jn inciples of operation which have heeri made 
use of in the design of these instrmnenls are at least 
four in numlxa'. These are 

1. The principle of th(‘ Irver, both sini]>le and 
compound. 

"2. The principle of tin* rack and pinion, or wh“el 
and pinion. 

d. The principh* of tin* screw and nnl provided 
with a Very stcej) i bread ; and 

4. The princi]»l(‘ of the cslindrical grooved cam. 

Jn some cases, two of these princi 2 >lts ai*i c(nn- 
pouiided lo obtain the desired result. 

This tyj)e of indicating inslrui]ient is distinguisln d 
Iroin the noii-ineasining type inasmuch as tlu? indi- 
caling needle or [fointer is so arrangt d that it moves 
over the face of a gradual kI sector (u- dial. DilTer- 
ences in dimensions can thus easily he read oil the 
scale of the instrument or obtained by means of the 
differential principle. 

A simple form of rm^asuring test indicator is repre- 
sented in k’ig. 16. The principle of acAion is that 
of the sinj])le cranked lever. One; ^jrm of the h-ver 
serves hs tin; indiciiting ]>ointer, whilst the other 
selves as the contact finger — that is, the elemenj 
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which is placed against tlu*. j)art whose truth is being 
checked. Tin; axis or pivot of inovoment is in a 
siijall Hat sl<jcl •spring which is jdaced in th(^ end* of 
the instruiiKUit, and which can he swljusted readily hy 
means of th(‘ set-screw shown whenever it is found 
necessary to adjust the zero [losition of the pointer. 



'Phe pointer is disposal inside the frame ot tlie in- 
dicaloi- to juoLect it from llu* inlhusico of air currents 
wken in use, and lo protect it fiom rough usage in 
handling. ^ • 

Another foriii of sinijihj lever lest indicator is shown 
in ^^g. 17. The contact linger T (which is e.(i nipped 



li’n;. 17.— AnotluT loiiii el mnisariiiK test iiidinitor. 


with a conical jioint) and the indicating pointer P 
are, the two parts of the lever which is pivoted in a 
vertical .spindly Two Hat springs ]3 are used to 
bring the ])ointerhack lo its zero position wh«i\ thein- 
istrumeiit has been rcnaweil from the test bar or work. 
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C is tho s(ial(^ of tl»o iiistruimiiil, wliicb, it will ho 
notud, is so Jirranjjfod that th(‘ })t)i liter has to he used 
lient. S rejiresfiits the hohh'i- of the lost riiineiit.. 

'I’lio jM-iiiciple of aetioii of a iiiodilii'd form of simpU; 
l(JVor iiidic-ilor is rejiresonted in 



IS. Ti-' t ni'lu-Htor. 
in contact and to throw 


ease, howe^(‘r. tin* (jonlaet 
(inf(er (- is a distinct jiart 
of tho instnirneiit and 
<jnii«' separal»‘ from the 
lever, it will he seen that 
tlie contact linj'ej worKs 
in a sp(>(‘ial ^mide and is 
preNenKsl from drop|>in^» 
out ol ihat \)\ a. (rross pin. 
The lever consists ot tuo 
parts, namely th(‘ arm L 
and the pointer 1’. 'Phe 
foimer is the. part whieh 
is in eomninnicalion with 
the inner imd of the con- 
tael linger, whilst tin* 
latter inove.s over a gradu- 
ated scale A. A cuivtal 
leaf sjiring S is made use 
ol in the manner shown 
in ordei' to keep tho arm 
li arifl the contact linger 
the indicating pointer into 


its zen) jiosition wlnm the. instillment is not in use. 
:\ compouml lever indicator is illnsi rated iti I'ig. 


ID. In this ])arti(‘ula.r lorni of inslrt'uient two levers 
an* ein))1o\ed. this arrangenmnt enahling a higher 
deg^-ee of ina.gnilication oi .sensitiveness to he ohtainedi 
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without, midiilv hMi^'thfiiin^ thr iiislruin(‘rit. The 
jirinciple of sic.lioii of tht; iiistriiiiMMit is (*lcn,r from 
tliy cliii^M’iiin. 

In s()in(‘ otlifj- Ion ns of t<‘st indioalor in which tlu*, 
cotiipound l<‘V(‘r })iin(*i j)U‘ is cinployd, tlu'lwo Iovcm's 
iiri' rcv(‘iscd iind not c/)ntinnons in thtMMsc of the 
jihovc instrument Straight iind (*r:inl\t‘d hwers in tlicir 
scviMiil conihin.-iticms aic used, tlx* first lever some- 
times pi<‘ssini; on i\ pin secured in the hod\ of the 
second lever or jxjinter. The eonlacl liiit^ers used 



I’Ui. JH. — (‘«Mi4»nmul-U M r Ic-'l iii<lir:tt()i . 


ill these instruments are of the free and lever-end 
I vpes, !is in the ousi‘ of tin* sinjrle levt'r instruments. 

'riu'se insti llments c-an also hi' divided into two 
clas-ies, the dilTeientiatin^ factor in this case lieirif; 
tlu* description of the scale over which the jiointer 
movi'S. These two classes mav he termed the sector 
class and the dia.l class. The pointer of an instru- 
ment of the formei class has a scale which siilitends 
hut a eoi\iparat'ykiJ\ small an"le at the centre of 
motion of the jTointer, the limiling positions of which 
I’i^rm what is really tlu* sector of* a circle. All the 
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instnriKMiis ilc.smhod al)OV<! l)elon^^ to tliis class. 
Til tlio ciisc of an instniniciiL of tlio lattiir class, i}j(( 
jiointer hasa much morocxtciisivc.raii^fof movcmcrifc, 
covcriiifi in many instances a coinjtlete n'.viduLion. 
These instnnnenis have, ‘generally, h ^(hei- powiMs of 
inaj^nification than have si'clor iiislrinm*iits. 

'Ph(i internal arraniieinent. of one fnrm of dial test 
indicator is ropr(‘st*nled in Fi^. 20. With this typi* 

of insti-uineiii the 
axis of rotation of 
th(5 jjoinii^r is usu- 
al l\ situaU'd in thi' 
middle of the ease 
and serves as th(‘ 
centre of the, scale 
0 !ith(Mlial. In this 
(lia^^ram, P repre- 
s(‘nts the indicator 
pointer or needle, 
lla^ arrow-head in- 
dicating the forward 
or positive* direction 

Fl... 2(1. ■ Dial l.-,t iialiaator. '"Oveilicnt. ol th.i 

same. 'J’his needle 

is mounted on a drum spindle which is])ivoted in tino 
hardcjuical orjiarallel heariiifjjs (sometimes jewelled). 
Bound this drum pas.ses a tim* hand or cord (pii*,- 
ferahly metallic and practically inextt*nsil>lej which 
is connected at its other (^id to a pivoted sector or 
quadrant Q. This quadrant is swim" on its ])ivot by 
a short hand or cord IJ, which ruyqives its motion 
directly from the^ contact linj^er T. Thi; contact 
finger slides in the tula; A, which is fixed to the caJi'j 
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of Uio ifistrumcjit. The helical which is 

indicated in the fi^Mire jnovides the foice- of rcstoija- 
tio;» wIhmi the tndicator is removed from contact 
with tlie t<‘st hai' 01' the element whose truth isl)eing 
t(^sted. 'riie ])iri Ij S(mv»‘s ns a contro’ ov(‘r the 
aclivitv of th(i ln'lical spring and enahles the zero 
])ositi()n of the poinh'r to he adjusted wlu‘n(‘ver, 
through any CiiUs<‘ whatever, it has heen altered. 
The s])iial spring S is attached directly to lh(‘ jjointer 
drum J). its function hein;; to ])rovidi‘ the lorce of 
restoration for the ])ointer only. 

It will he ohserved that the principle of action of 
the. ahov(‘ d(!sieii of indicator is essentially that of 
the coin|)ound or doiibh* levtT. 

hi another form of dial tost indicator a single 
straight or cranked lever is used in conjunction w.ith 
a [)i voted cylinder which is jirovided with a sleep 
^lelical groove or screw threiul. Fn this groove a die 
on the (Mid of the long arm of the lever lits and is 
(U|)ahlc of motion. Tnis motion in its translation 
irom the levcn- to the cylind(*r ])e(5omes a rotatory one, 
and as such is comiminicatod directly to a needle or 
pointer wdiose axis coinckles with tliat of the grooved 
cylinder. 'I’he restoring spring may act directly on 
either the long arm of the lever or the jiointer, though 
proferahly the former; and the (contact finger may 
bo (Mther fioe or forme 1 on the short arm of the lever. 

In b’lg. 21 is illustrated a sector form of test indi- 
cator which, since it is enclosed in a cylindrical case 
not unlike that of a dial t-est indicator, may easily 
be taken as a Qnwof the latter. In this instrument 
the compound lever principle is? employed. The 
contact finger, A, is arranged in a radial guide in tiie 
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int(‘rior of ilu* ca^c, and liaasocured toil a dcifloctinj^ 
])in (\ Tliis ]»in (’ Imars upon the Khort arm of the 

ciankt‘(l loA'or H, and 
oansis this to swing 
ahout its axis wlu'ii 
lilt' conliu'l finger ro- 
I'eivfs any motion. 
I'VoMi i> iht^ motion 
is Iransmillcd to tin* 
arm I! and tlu> 
pointer, and magni- 
fied l)\ the latter. 
Tile spring 1> Keeps 
• he pin (' and the 
lever arm in eontviet, 
, whilst the small helieal sjiring shown In-low K Keeps 
tile latter and the lever H alwaxs in eonlaet. 

Ill attotfier form of lest indieator the scale is 
marked out on a fixisl inlie in an axial direction -- 
not unliki’ a mieromeus* screw gauge scale and the 
indicating mechanism consists of a sleeve which 

moves on the tube over the scab*. The motion of 

the contact linger is msignitied or ima'easiMl 1a means 
of two le.vers and a toothed wheel drjvici'. 

In some lest indie.itois, chietly thougli not entirely 
of tlie sector class, the scale divisions aic- (-it her not 
exactly of e{|ual value or of cjpia) magnitude, 'riiis 
is due to a defect in the arrangement of tlie levers— 
in some cases ineradicalije — whereby the leverage 
value vtiries with the positions of the levers. In dial 
test indicators this defect is not sotpycA'alerit as it is 
ill the other cla.ss.^ In many ctise.s wherein it exists, 
however, the error which it introduces into the road- 



Fi<j. ‘it. - Iiit«-rn)i «)l t»-<l iiuli- 
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irif^ made by moanH of the itistruinonts is a nej^ligible 
(piantity. 

Tb(5 outer (iiwls of contact fingers are spherical 
or s])l»(‘roidal, knif(!-edged, sharp conical pointed, or 
blunt (ionical pointe,d. In s(»ni(*., accurat<ly ground 
balls ai-(‘ actually us(‘d. h'or the greater part of 
tnachin(5-tool testing work the curved or spherical 
end is the most suitahh*. 

In some, e.asts it is found nectssary to make use 
of external auxiliary 
crankc'd hivers, as 
shown diagrammatic- 
ally in h’ig. in 
which J> roprt‘senis 
the g(U)ntact finger of 
the instruinent and 
A the contact linger 
of the added lever. 

^his li'vei', it should 
he understood, is mounted, in a bracket which is se- 
cured to the case of the iustrumeiit. In order to main- 
tain the value of each division of the scale the lengtiis 
of the two arms of the level- must he made ecjual. That 
is the dimensions .r and // mu.st be e(|ual. If it is 
desired to iucrease the soiisitiveiuss of the instru- 
iiKuit, it can readily be uflected by making the 
dimension ?/ an exact multiple of the dimension 
.r. Thus, to halve the value of each division of the 
scale, If must lie made t;tjual to 2 a-. This is, of 
course, tautamoimt to adding another lever move- 
ment to the insU-iyiieiit, though it is not a permanent 
element in the design of tlu^ instrument. 

A point which is of some material importance iij 



Kic. 22. External test indicator 
lever. 
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‘cOTinoctiou with Iho use* of U'st indicators is the niaf^ni* 
tilde of each division, since this detoiininos largely 
tho ease and exactitnd(‘ with wliich tho reading' is 
taken. Generally, lh(‘ dial form of lest indicator, 
o\vinj< to its longer scale, has lonyei- unit divisions 
than has the sector form. The. lengih of a division 
on high-class dial indicators viirits from ..'.j in. 
to J in., the value of each division being either 
00(11 in. or (l-OOOO in. The di'greo of inagnilica- 
tion rangt'S from about dO to 2dn in ordinary diili 
indicators. Jn oniinarN sector inilicators it very 
rarely (‘xceeds UK), whilst in the jiendiilaineter 
(which is a form of sector test indicatui ) the degret‘ 
of magnilication is, in one case, oOl), and in the 
Other 

Cknire of' Teal / (Joncei’iiing the choice of 
a test indicator tor (‘Xperiinenlul work it may he jxiinted 
out that the innK>rtanl point is to si'lect one u[)on the 
accurac\ of who-se e.aIihration strict r(‘liance can be 
placed, since, the function of insinimeiiLs of ibis type 
is the exact dt;terniination of errois. Micrometer 
screw gauges aie, of course, reliable; but this caimol 
be said ol ail lest indicators. Where it is reipiircd 
to know exactly the error in an\ jiai t or parts of a 
iiiacliirie-tonl it is far hetter to trust to an instrument 
of tlie ilial tyi>e than to one of the sectoi* type, 
though it should not be umlerstood ibe.ieliy that all 
of the latter t>])c ari‘. useless and all of the former 
type reliable. It is iia[i,spiiiabl) true, bouever, that, 
speaking giaierally, a dial test indicator lends Itself 
more elTectively to this kiml of woi k than the other 
form.* hiijirovised test indicators, whilst suitable in 

connection with certain kinds of mac hi no- tool work 

• 
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wlim'iu ijua.ntit,!itiv(i ddcjiininations have not to be 
niiule, are iinl, siiilahb* generally in connection with 
testinji woik on wiacl lines tools. 

•1. Driving Headstock Spindle Tests.- - Tlio first 
cssonlial of tin* driviii*; lu'adstock of nn a^'ciirately 
built lalbe is Dial the nxis of tb(‘ driving; or main 
sjiiiulle sliall be exact ly |iJi.rallol to tbo top of the* bed 
in tlie one dire'Ction (that is. in a vertical ])lane) and 
to the j^iiidiiifi f:u;es, strijis, ve.es, or side's eif tlie l)od 
in the eViher (that is, in a horizontnl jilaiu'). 

Thi^ ])iocess of iiianufactiin* alwass aims at reaiiz- 



Fj<.. U;i.— Spimlle test bar. 

in*^^ this iK'cessaiy condition, Imi it is foiinel necessary 
in ihe preie-esoof ere-ctioii e)f the latlie to te'St the head- 
si tu^k lor tins sjiindle ace-nracy. 

Li this le'sl, the ordinarv spinelle is rejilaceel by 
a special sjiindle or te'M bar, the eliameler of which 
(at least at the* journals) (‘(juals the jemrnal diamete'r 
of the' spindle, or the* sjiindle is jirovieled with a con- 
cemtric e‘.ylinelrie;al jirojeetion at each of its two e'liels, 
as is indieiate'd at .\.\ in Fij;. lid. WIumi the former 
is omplened it sheiulel he ae'curately macbiiU'd anti 
linished with a smoeilh surfaeie* (preferably by grind- 
ing,'), so that, wbe'ii the heailstock bearing biijsses 
have lieem secured Jn placu*, the tejsi bar can be re- 
volved by hand ejuite easily. There must, boxu'ver, 
lx* no looseness in the liearings, the Jit lietween thg 
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t 08 t iwir and t)jo hearing brasses or laishes being the 
ordinary spindle running (it. The. length of the; test 
bar should be siudi that a l(;nglh of at least 12 
in. of utiiforni diameter jnojocts be'yond the fiont 
bearing, as is shown in Fig. 24. The projeetions on 
the; ends of tlu‘ s])indl<; nee‘d not he more than 2 
in., and iiia\ be of any reasonable diameter al)(>ve 
I in,, hilt they must eae.li }>e of tiu; same diameter. 



J'ln. 24.- T< bar in liillu* lieiuNloi-L . 

When a test indicator or simple micrometer is 
used in the test, it should he mounted on a jiillar 
fitted in a base in a manner somewhat similar to 
that of a scribing block or surface gauge,. The 
under surface or surfaces should he, carefully jna- 
chiiKid and scraped srf as to ensure their being quite 
flat.' For use on flat-to])ped beds tbo base should be 
provided with a lip having a \e.'tV-al face to fit 
against a verticnl face on the. bed in the manner 
Lhown in Fig. 2f). If H is an inclined face on tiie 
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out'^ido of the bed stieiiis which is intended to a-ct as 
the guide, then the base must shaped accordingly, 
t’or^usi^ on vee-hTj)})ed IkmIs tin* und(‘rsideof t}>e base 
must b(‘ |)rovid('d with a ve(‘ grooves to (it over one of 
the vees on the bed, preleiably a slide-rest v'ee. By 
siieb ini^iins as the abovti it is possible to niovi*. th(‘ 
indicator or micrometer parallel to the bed guides. 

With the lest b.ir of uniform diam(*t(*r, njadings 
should b(‘ taken with tbe, ijulicator or micromeUM’ at 


two places near tbe ends of tlie j)rojecting length, such 
as, for example, those slio\\n at X and Y in Big. 21. 
Two Sfts of readings should be obtained at each end, 


(Uie set bf'ing nnub* will) respret to the underside; of 
tbe bar and tbe otbei* with ri'spect to the front. Tbe 
two •readings in each set should be secured fiom 

places wbieb are dia- 

in('trie.all\ opposite, as 
yidiciLted in Big. 2o, in 
wliich 11 and 11, re- 
]»rc^ent the ])laees on 
tbe sLirfaci' of tbe bai 
for tbe front leadings, 
and V and the 
con<>sj)oriding places 
for tlie underside read- 
ings. To obtain these 



j csadings it is, of course, 
necessary to i-otatt; tbe 


Kie. *J*>. showing iii- 

ciilcnne of test iiuliciitor lutuL 


bar by hand tbroinrh 

apj)roximat.ely lialf lovolutions. Tbe average of'each 


set of reatling*.jft.*e!u*h end should Iw tluui Jakeii, 
and the coriespoiiding average i^‘sult8 compared, 
the piuctice oi one firm of machine-tool inanif- 
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fcacturci'K, the tost; luir is allowod to 1 ) 0 , 0*1 ilio avcM’- 
0 001 ill. lii'^hor at tlio outer end and to have 
an ofTsot of OOOJ in. towards lho’‘l)ack also at , the 
outer end. Kach st‘Lof readings ina\ eoinju iso nion^ 
than two reiuliii«;s if tliouglil nenessarv or if found 



(losiral)le, Iml ordinarily liiere is no neeil to make uso 
of niore than two readin^^s in i‘aeh set. 

\Vh(Mi tin* aetual driviiif^ sjiimUttj^ utilized in tiu^ 
test, tlie al»ove melhoil involvinij; sejiarati; horizontal 
and verti<;al nwwlinj's can also lx* ajutlied, thou^di tin 



^rKS'J’S ON lV!AriIIKK-TOOL EliKMKN'rS 


this ciise Ui{‘. indicator or niicroincha’ has to 1)0 
moved from one end ot the headstock lo the other, 
Ui(ihea<lsto(;lv, of course, having h) Ik* moved slightly 
on t.h<'- h<*d from the ernl to make room for the in- 
dicator. 

\u allei iiativa? metlmd is indica-ted in 2<). In 
this <!ase a special lilting canxing two micrometer 
gauge lieads is made use. of, thes<‘ having a horizontal 
;ixis and vertical axis r(‘sp(3Clively. 'J'lie base of the 
lilting must, of course, he imuh^ to suit tlu* sbaj)e of 
iIk' ways or slusiis of llu3 hcd. When It is not 
required to lak** actual measurements the micro- 
iiK'ier hea<lsslu»uM Ik* replaced hv v ell- jilting screws 
provided with hard(‘ned ends made either p(‘rfectly 
ilat*or blight ly convex. 

Any coi ro(!lion of alignment of the headstock or ^ 
headsioe.k spindle, \xhich the results of these tests 
^ma\ iiidieatt*, is usually elk'cled h(‘fore the test is 
Imall ,' eomplemd. Willi tlat-topp(*d ht'ds the cor- 
reciioii g(‘iir‘rally can lie. marie, quite easih h\ making 
use, of adjusting screws and studs in the headstock 
lugs ru’ longur-s w liicli are plaeeil Iwtween the shears 
of the IkkI. With vee-t.opj)ed IkkIs, howeV(*r, it is 
essential l> rlillerenl, though witli herU of this tyjHj 
th«*i(‘ does not exist the same need lor correction, 
since the vee strijis on the bed and tin* vt‘e grooves 
in the headstock determine tin* ahgnmi*nt of the 
latter with resjiect to the lK‘d. 

4. Loose Headstock Mandrel Tests.— The axis 

of iln* hollow s])indh* or mandn>l of tin* lot/se*hoad- 
stock should Ji# oxacll) iii line with the axis of the 
driving headstock spindle (assuming, of comse, that 
this has hoen correctly aligned). That is, this Ji^cis 
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should 1)0 parallel to the toj)s or ways of IIk; hod in 
a vertical plane and to the* ‘'uiding suiTact's in a 
horizontal plane. " 

The tests which are n(‘.cossary to check the align- 
ment of this axis can he made in exaclly the samij way 
as the driving headstock spindle alignrnc'nt tests aie 
made; that is, a special test bar with a 12-in. pro- 
jection or the actual mandrel with end [aojections 
of ciicular section like those shown in Fig. 2d may 
he (3m])loyed in conjunction with a test indicator, 
micrometer screw gauge, or the special instrunu'nt, 
as (hjsci’ihed above, in which two micron leliu' heads 
are made use of. 

The re(juin‘m(‘nls of these tests are piceasely tlie 
same as those of the driving headstock spindle tests, 
the two S(5ts of results coiticiding exactly. 

Another test involves the use of the. actual mandiel 
of the headstock. Jii this cast*, ilie oidinaiy surface 
of the mandrel is used, the contact lingt'r of tht* indi- 
cator or the spindle of the micionieter gauge being 
placed in contact witli it. iJoth hoiizontal and 
vertical indicator or gauge leadings ai’o taken at the 
outer end of tlie mandnil when the latter is tiist 
right ill the harrtjl of the headstock and then as far 
out as it would he. in an extreme case under ordinary 
working conditions. Jf the barrel has hetni accurately 
bored, and the lit between the barrel and mandrel is 
a good one, the two sets of readings will coincide 
with one another and with the corresponding read- 
ings taken in the driving sjiirulle. tests. 

Wh(*n the loose; hejulstock is of* tliy set-over type 
it is a' comparatively simple matUu* to align the 
headstock mandrel horizontally by making use of 
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iho sli])por or solo ])lato and adjnsiin); the position 
of the 1)0(1 y of th(‘ siooh on it. 

Ill the o!iso (ff this tyfio of In^idstock it is also 
desiralilo !o know wholher the cross or transverse 
«,Miides are exactly at li^lit anodes to tlu raandrel 
axis and lonj^itiidinal hed ^niides. 'I’his information 
can l)i‘ obtained in sevmal wa\s. One way involv(‘S 
the eiiijiloMnenl of an accurate s(juare and inside 
inicronKiter screw' or t(‘st indicator, this test 

T)ein«j on (he ^oiides lh(Mnselv(‘S. Anotlun- way is to 
t(‘st the cross or tiansverse movemonls of the ex- 
treme ends of the test bar or iiiandn'l by means of 
a inoimted test indicator or inicromeler scriwv ^^anf^e. 
If the headstock ^niides are noinial to the l)(‘d guides 
the ilifVen'nces l)etw’(‘en the two sets of end readings 
will he the saiiK' for any cross movement of tlie 
l)od\ of the headstock. 

^ Til is is not, how('V(’r, a point of much imjiorlatice, 
the iinportanl jioiiit having referenc<* to the jiosiLioii 
arm i-elation of tin,’ mandrel axis when the. body of 
tin* Ju'adstoch is in its zero jiosiiioii. 

t>. Slide Rest Tests.— The cross or transverse 
slide of the slide I'est of a lathe should U* disposed 
exactly at i-iglit angles to the l;cd guides, to attain 
which it is neeessarx to test the cross slide in the 
comse of ei’eci.ion and titling so that any eiror can 
he corrveted by means of fujllnu- maehiniiig or 
scrajiiiig. 

This t('st can he jierforiiicd in at least two ways. 
In the first wav a special h'sting slide (l>, Fi^. il7) 
is used. This ,^s*iiiade to fit acemuteJx on the bed 
' of the latlui so that its motion is i;pntroIled directly 
by the guides or w'a}'s. The inside vei tical face of 
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iho. slide is iind scjiaptnl to a dead square fit 

with respect, to ilio Ix'd f^uides. This is tluui used iu 
coiijimcfcioM with two test j^^aiij^e hlhcks, (U.1, wliich 
are of the same hui^th. hi tlu- li^ure, 1\ iiqireseiits 
the saddle of the slide rest. 

Tn the actual Ust the U'St-'^au.^e blocks are used 
as shown hetw(‘i‘ii th<* lest surface of the slide and 
the iiearei- •'uiih* of the cross slide. When the (!or- 



rect relation hetwi'cn the hed «_Miides and tin; saddle 
^uide lias huen secured, the two ^aui^e Mocks, for 
any f^dven force apjilied to the test slidi* ainl saddle, 
arc j,nij)])ed eijually. 'riuj ^au^c blocks, when a 
quantitative, determination is found ni-et-ssarv, ran 
1 k! replaced b\ an insidi; inicrorneler ^'an^fc or a dial 
test indicator, tbout^b preferably the former. 

Till! other method of making this test is indicated 
ill 28. The ajinaiafus required in this case 
cons'ists of two round bars, Jl and !>,, totjetlier with 
an ai^iustahle tesline screw S. ’ thi! har ll are 
three collars. 'l\vo of these collars, are cai'e- 
fully {ground so as to he concimlric and of the sa? 4 e 
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cli;iiTi(ilo*r. Tho oilicii’ collair, C*|, is made; of a larj^or 
'Phis 1)!LV is j»lacod on tlic saddlo of th(i 
slidi‘ r(‘st. II, s<f that. th(‘ two collars CJC tit. in tlai 
cioss ^nid(‘ v(ii‘, fac.h heinj^ in oonlact will» two sur- 
faces, the hori/ontM.! surface and tl)e inclined surface 
of the ;^nide. TfiC lai’j'cr collar is pressed up against 
the front end of the {^uide. Tli(‘ har 11, is secured 
at rijj[lit angles to the hai' J>, and carri(‘S at its outer 
j'lid tho testing screw. 



I'i*;. l!s. AltcriiiiliNc nieiluHl of li'^liia', .'Inli'-ir'^t .sii«lillr j'liiilrs. 


The cross slidii is at right angles to th(‘ he.vl guide 
when the testing screw juesses (mj nal I v against the 
sjjrlace in the two p<Kitfons shown for an\ one set- 
ting. If it is desireil, for anN jnirposc w’hatcwer. to 
thi'ow the cross slide ont slightly so that surfaced 
work w ill lK^ slightl\ concave, the setting aial testing 
can he t*ltectcd hy making use of a sheet of hanl-si/.ed 
writing paper*tiftt?iit l)'0()2 or OdKKl in. in tlyckness 
betwi‘,en tlie bed and the end of lUe screw when the 
Httter is on the left. 
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ModilicMliioiiR of tin*- above involvo tlie iiso of 
specially tested cylimb^rs in place of the collars (10 
on the bar 1>, anil also the siil>sUtu‘i>ion of a inievo- 
meter bmul for th(‘ testin^^ sci‘(*w S. Jii tlu; latter 
case, exact (linieiisioiial d(‘teriniiiations can be 
made. 

Anotliei j)oinl which i-e(piir(?s checking has refer- 
ence to the horizontality of tin* cross guide in a 
transverse direction. This test is iisuiiil\ made ])y 
means of a s})irit-level aft(*r tlu^ bed has heen levelled 
transv(*rsely ; it is, of course*, of no use to hst the 
saddle guides until one knows for a certainty that 
tlie hed is horizontal transv<‘rsoly. 

0. Finished Lathe Tests, — Wls n ilu> various 
parts of a lathe have heen asscunhled in llndr place's, 
and the lathe is nsady for s(*rvice, it is the usual 
practici* te> j)ut it under test s » as to deteruiim* the 
inaccuracies (if any exist) in the vai-lous pans of tin* 
machine. 

Before dealing with the actual tests Vv’hich iiie. 
carried out, it will he as wtdl to consider the princijial 
essential characteristics of a liiiish(*d lathe \^hich lias 
some preUmsions to accuiatw. 

These characteristics may be stated as follows: — 

1. The axes of the driving spiialle and loose head- 
stock iiiandrel should he parallel to the to)i surface 
of the bed and to the ways or guides of the. bed ; if 
this condition is satislied, they will In* parallel to 
each other. 

2. The axes of the centre sockets in the driving 
>spiudle and loose headstock maiidri'l / hould coincide 
with the spindle }wjd mandrel axes. 

iJ. The conical point of the eeutro in the driving 
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sjiiricllo should run true ; tiuit is, its axis should 
eoincidci with the axis of tho spindle. 

4. Tin* axis (Vf the j)()int of the loose headstock 
should coifieide with the mantlrt'l axis. 

o. ^riu! threaded nose of the driviiij^ spindle should 
ruu true; that is, its axis and Ihe spindh' axis should 
he c.oineideiit. 

I). The cross sli<l(; of the slide r(‘st shoidd he exactly 
jit i i;4hf M l lilies to the length of the hed, which, of 
coiirsis should he [larjilltjl to the lathe axis, th(‘ latter 
heing the hue which joins the extrenio jioints of the 
two c(Mitrt!S when these are in their normal |)OsitioMS. 

7. The screw thread of th<; hsadiiig or jiiaster guidcj 
screw' shoidd Ik* uniform and accurate within certain 
W('h-defined lindts. 

If all tliese conditions are satisfied in a lathe, it is 
ca[)ahle of turning out accurate work in the opera- 
tions of turning {hoth sliding and surfacing), lioring, 
and screw-thread cutting. 

Some of the tests already described, which are 
made during the erection of the lathe, check several 
of Uie j)oiiits enumerated above. There are, how- 
!-\er, scvt'ial tests which are necessary w'hcn the 
laliie is in a finished condition Ix'for’e an inspi'ctor 
or prosjicetive hii\er is justified in passing the 
machine, thongli in many cas(*s reliance is ])laced 
on only one, or two tests. 

Centre Sncl.r.l Testa . — In these tests it is neces- 
sary to use a sjiecial test bar. The form of this bar 
is show'll in I'^ig. 2i). It is a round solid bar or krbor, 
the. great(‘r porjiitf'i* of which is cylindrical or uniform 
ill diameter. The remaining portion is tapered, the 
tjipej- formed on this portion (which is the shank ni 
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tho l)!ir) bt3iii^ (‘xiictly Iho sjimt; jis tlu* taper of tho 
ceiitic soc.kt'ti or hole* in the Kpiiidh' or inaiKirel. Tlu‘ 
l(*ii^ah of the (‘vliiKlrical ]H)rtioii or hodv of the ])ar 
should 1)0 al)oiit V2 in., and its diaini’lej- from 1 to 2 
in. The bar slionid be vimt carefully and accinately 
made, the axes of the two j)orti()ns bein^^ coinciihmi. 
l*ref{‘rably, it sliould be fijiisbed by ^'rindin^' on a 
reliMi)le machine. 

To t.(‘st tho accuracy of the tapered liolt* or (jontiv 
socket in the driving' spindle, lla* tapered sba.nk of 
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the test bar should be inserted in tho so(;ket, special 
cai(; beiiii^ taken to see that the surfaces of the two 
parts are <|uitc clean and fiee from particles of dirt 
or metal. The troiitacl liii'^er or button of a test 
indicator or the spindle of a micrometer screw {^aii^M* 
head mounted on a pillar and n'stinL' on the lathe 
1)1x1 is plactxl a;^^ainst the surface of the hai* t«)war(ls 
its oiiler end (in fact, as [n^ar that end as possible). 
Tiie Contact may he on the sidt;, bottom, or top of 
the bar as may 1 m; the most convey it. Indicator 
or micrometer rcadiiiL^s are taken eveiy quarter of a 
I’cvolution of the bar, the spindle hein^, of course. 
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l)y hjiiul. If iihcrii is no dilTorciice Ik-twoon 
ihc foiii' roadin^'s, iho (*.entrc hole or sookct fias hoen 
:u;(*.ur!i.tcly foniu»l. 

.\n()tlicr motlmd of (jjinying the micronu'ter screw 
iKisuI is sliown in I’ij:. dO. In this ease, the 
hfiid is He,i*iii(‘fl to the outer end of a curv(‘d arm l)y 
means of a s\viv(;llin” screw and locking nut. This 
airanj^^eiiterit adinils of tlie head Inane placed in any 




convenieiili jiosition irJ•e^jH:ctive of the jiosilion of tlie 
50 m. 'riiis arm is seciinMl ju its i>ther end to a shank 
hy a holt and nut, iind is so connected th;it it can he 
readily swivelhul about the slud whenever a chauf^e 
<‘f ])osiii()n of the arm is required. The shank in 
this test is field jjgiiHy in the slide-rest tool jiost. 
'rhe 'ipindle of the micrometer head is present'd to 
the test har or aijior in a hori/outal position, as is 
indicated in Fig. [},(. modnti tijKuum/i in tlws case 
being ])rta*.isel\ that as descrihed* above, that is, a 
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reading' of the f^suij^o is tsihon (svery quarter of a 
revolution of the test bar. 

It should l»e ohseiTod that th(! ]»ossihle centre 
socket erior nuiy he either one of two dilVerent 
kinds. In the lir.st place, the axis of tlie socket 
may Ik* pamllel to the spirullo axis, hut not coin- 
cident with it, as is shown in ',\± In the 

secorul ])laee. the axis of the socket Jna\ l»e not 
evt'ii parallel to the spindh* axis, hiit inclin(‘il at a 
small anj,do to it, as is indicated in k’i;.^. Jl-'l. What- 



ever he the immediate cause of the inaccinacy, how- 
ever, the above method will rsiahle the mji^mitude of 
the eri’or to he measured, tliouj^di, to maj^nify it in 
the case ol the oblique (that is, the sfjcond) form, it 
is necossar> to employ a test har of a length not l«‘ss 
than 12 in. 

The loose headstock cc n^i-e sock(‘t is tested in a 
manher somc'what similar to the alK>ve. 'I’he test 
bar is socketed in the mandrel il^ the oidinary way 
in place of the ceulri;. Tlie key which connects the 
mandrel to the barnd is then removed, thus 



TESTS ON^ MACHINE-TOOL KI.EMENTS 05 


iniltiiij' of tlui foriiHM- hoiu" rovolvecl in ilu^ hitter. 
The aecuraey of tht? soekj't is then tested as above, a 
rciidinj^ hoin*' tiJfeii (‘V<*.ry (juarter of a revolution of 
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I’ll.. i linslviilmfr oiu* f<»nu <tf efuL’e sur*k»t 


iuju*<*urjicv. 

the iiiiiiidiel. If they a<xr(‘e, the soeket has h(‘en 
formed aeeiirjCelN. 

A simpler test to determiiu‘ the dej^Tee of ])arallel- 



I'K.. — J)i:ijrniiii illuslijiliii}' niiothor fonii of mitre- socket 

iimcf-nnicy. 

ism (as distinelfiQiu o])Ii(juily)e.‘iii be mad<‘ hytakinp; 
readings at two dilleri'iit plaeos in the length of the 
test bar, the test indicator .or micrometer pillar bas^^ 
0 
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beirjf' moved tlio. bod guides in a diioction 

parallel to the laibe axis. Thcrirst test is, b()W(^vt'r, 
gen(;rally the bettor of the two, by means of it, 
the soeket is tesl.(‘d for both kinds of inaccuracy. 

Cenire. Trsla. — Tb(‘se are readily made by means 
of a test indicator hold in a fixture or the slirle i-e^st. 
I’hi' driving beadstock centre is insei ted in its socket 
in the driving sj)indl(‘ and ibe latter set in motion. 
Tlie contact linger or button is then brought up and 
placed in contact with the conical point of I be c(uitr(i. 

If the point of the centre runs true, ibei'e will be no 
movement of the pointer or needle of the indicator. 
This l(st should be mad<* for at leasi three ])Msitions 
of the centre in its socket, and in each test no 
ecc(*ntri(ity should lx* indicated. 

The test on the loose lu‘a<Isloek centre is p(*rformed 
in a simdar nianiKS*, tin* mandrel being rotat<‘d by 
hand through the bandw})e(‘l. 'I'o obtain satisfac- 
tory ivsnlts in this case, howtwer, cf)iisiderable care, 
has to be cxcircised to prevent any longitudinal or 
Olid iijovenient of tlic mandrel in the barrel. This 
can Ik! (iirecUMl by locking the mandrel on the screw 
or to the bandwbeeO in some way, such as, for 
example, by means of a nut. It will lx* obvious 
that in this test the key connection Ix'.tweim tlie. 
mandrel and the barred must he removed. 

■J’o t(;st the redation Ix'tween the two headstock 
conti’cs the test which is illustrattsl in J'’ig. ill can 
he emplo3'cd. In this two specially ground accurate 
cenV'e plugs are used. 'Aiese are e.xactly alike and 
lit rcs])ectively in the cxmtre sor^kets of the two 
headsiock spindles. The outer portions of tliese ' 
plugs are pe.rfeeily jiaralbd and (‘(jual in diainetgr, 
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the (ixti’cme ends hein^ perfectly piano and recesstsd* 
as shown. The test consists in hringing the ends of 
the two plugs together. If they coincide, as in the 
ligiV'e., the centre, s and their sockets are passed as 
iiccuiate. Any inaccuracy can he actually measured 
hy means of a test indicator or a micrometer screw 
gauge, pnsferahly the latter. If an ordinary outside 
inicroineter g‘iug(' is used, the. inaccuracy in any 
plane is deteriiiiiied as follows: Jjet J) — the actual 



‘M — T«st,in|.' relation between latin* iKiadabutk centiVK. 

dien.etcr of e,aci» of tins test plugs ; d — the reading 
of the gauge ; and -= the inaccuracy. Then : — 

. . . * . . ( 11 ) 
llie inaccuracy in this case is the distance between 
the axes of the two centres in the plane, chosen. It 
is indicjih'd in Fig. 35, which leprescmts this case. 

'i’o make this t-est comph'.te, the loose hoadstock 
mandrel should occupy eiich of its two extrt^me 
positions (as shown in Fig. 34 ), and the results of the 
two tests (jompared. Any diderence between the 
lesuUs will indicate the obliquity of the axis of the 
headstoch \mrreh illlio accuracy of the Ixid guiles is 
beyond suspicion. 
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III Fiy. 3{) is shown anothor mothod of tcstiii^^ tlio 
relation of the loose hoadstoek contn* to tlio driving; 
hoadstook centre'.. Tn this tost the* assninjilion is 
made that the cf'iitro sockoi in tin; loose' he^ads^ock 
niandri'l has been accurate'ly locato-d. Tiie ajiparatns 
reqiiiri'd consists of a shoi*t contre'd rod in wliich a 
hont aim carr\in" a microinete'r he-ad is se*ciire‘d. 



Fio. .V>.— illasirnlin^' ccntiv Ir^t 

The jiosilioiis of the^ hont arm and microine-tor Jioad 
arc adjusted until the end of the niicrornote'r spindle 
just touche's the upper surface of tin' leiose* hoadstock 
iijandrf;l. Tin.* re'adinrr of the* niierome'ler is noted, 
and the; rod then turne'd thiou^di 1811 degrees. 
The reiading of the micrometer for this jiosition is 
also noted. This proci'ss ^c^in also he apj)lie;d to 
obtain side meiasureiiients. If the) two ce'ntres are* 
exac% in line; the;ro will he' no* ditterence he>twe-en 
the two readings.* If there is a ditTere-nce*, however, 
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th<‘ error for f'iveii ])os5ition of the; 

lf)()S)‘, hetulslook ojiii he (lotenniiied in the follow- 
ing' *\VJiy; tii‘t li — the (litTennice htitwoeii oppO.siU* 
reiidiM^'s of the mieio meter, and K — the Mli^mnent 
ei’ini- at the exlrefiie poiids of tlie eenlres. Then, 
|)riielieall\ ; 



l i'i. Alicrn:iti\i- tiM llunl of foslinir rl•hltiolI hflwriMi laHif 
ln'jiilstoek c'CMlrcK. 


X and ^ hein^' llu' dimensions indicated in the 
figure. 

A method of testing the loose headslock centre 
with res])(‘ct to the axi-i of the driving spindle or the 
M\is of the lathe is indicated in Fig. ,‘17. A sliojt 
t(*st hiir or hlocl: ’!’* is S(*,cnred in a chuck moynkH.1 
on th(} driving s})indle. The loose Ueadstock centre 
i« -hen brought up to T, and caused to ponetiute it 
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■i aiHl 0 i„<.h..sj. Th,.y a.<, also conoonti io with one 
another, so that when tlie l)ar is rotated the\ hotli 
nin quite Iruo. 

It should l)e ohsei ve.1 that when tho indicaloi'or 
iniciomeler is secnre.1 to the slide lesl, the ali-n- 
"lent of tho centres is with resi.ect to the di,ecli'o„ 
of inotu... of the slide ivst ; when, however, the 
tnotion of the indicator or micrometer «an-e is con- 
tiolled directly hy the e„ides of the hed, the alimi- 
uieut IS with rosiieet to those fjiiides. In an .■iceinatel\ 

nil t lathe, of course, these two alisnmeiils are 

idouticiil. 

Sj.Mlc AW 7K/.-Thist,.st can he ivadiU ....r- 
oiinei ly means ol a test indicator or tnieromoter 
sctnw «a.i«e.pmfereneo heii.e .dven to the former 
This nistrutnent is held rigidly, as, for example, in' 
the tool post or clam, IS of the slid,- rest, and the end 
o the contact liii^'er, hiitton, or sjiindle is placed in 
contact with the outer surface of the nose or Halloo 
which IS torimsl immediately I.ehind the threaded 
part of the nose. 

\Vhcn a test indicator is used, it is jiossihle to iier- 
form the test with the s|iiiidle in contimious rotation ; 
when a micrometer gaUKO is in use, however, it iJ 
no^ssaiy to move the sjdudle round iiitermittcnlly 
and to take retidings only when the s,)iiidlc is at 
rest. All the readings agree when the nose rims 
true. 

Sjihulle Ikarim, 7’«s/s.— As a check ujioii the tests 
made on the driving hoadstoeft during constriietiou 
It IS desirable to test the sjiindle iH.arings when the 
athe is.liiiished. Tho function olMn.^c tests is to 
determine whether tho common axis of the i.,,-. 
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huariiiiiK is coincident with the lathe axis, that is, 
the nna^dnary line joinin^^ the two centr(‘ ]Joints. 

Thi^ first lest ^jluuiks this rcl:i.tion so far as th(^ 
viTtacal plane is (joiicorned ; the second t(*sL deals 
witli the, relation in connection with the liorizontal 
jilane. 

The ajiparatns used is tlie same in each test. It 
is illustrat(‘d in Kite. ‘Ilf This apparatus consists of 
a lon;^f evlindrieal test har, centred at its Iwo ends 
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and rnounteii hetween the centn-s of tin* lathe. Tn 
tliis har is fixed a compound har or arm (similar to 
the one shown in Fi^. dO), in the outer end of which 
is s(H;ur('d, hv tin*, method shown in Fi^. 80 , a micro- 
meter head or lest indicator. The method of j;rippin^' 
the compound ai'iii in tin* har should, if jiossihle, in- 
clude the use of one or two tapcni’d wcdfifes or a 
cone, :.o that the; "lij) is obtained without damaging 
or distorting' (‘ilhei;l]ie har or the arm. On the nos(^ 
•of the driving,' sjiindle a fact; plate is mountctl", and 
across the front face of this a lif'ht cut is taken. Thc^ 
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ojicli (iolliir; jiiul soconcl. so tliat |iniclic{illy no wear 
shall occur on tht* ciiUinjr of the lool to allhct 
the (hainotcrs of the collars. Thc'tliaiiH'tejs of the 
collars iiiv mcasurod hy nieatis of a inicj-onietoi- screw 
and il they an* found to he r(|ual it is as- 
siuned that the slide rest li-ave!s in a. direction 
parallt*] to the lathe a\is, and that th(‘ latlu* will turn 
j)ai’allel wojk and hore a ])aia,llel hole. In sonu‘ 
cases tliree collars are nioiirited on tlu; niaiidicl and 
ticated exactly as the twoahovi‘. 'J'his arran^^eiiient 
IS ivfjraided as Ui^un^ snjxjrior to th(‘ t\\o-colla>- 
method. sinc(‘, hy means of it, il can he detra rnined 
wliethcr the lathe will hore a. hole havin;^ a eoiicave, 
convex, or parallel section, taken. m a longitudinal 
direction. 

Variation-^ of the above consist in driving' the test 
mandrel h\ means of a chuck or carriej and driviiiit 
plate, and aKo in snpportin^r the ouKjr end of the 
mandrel on the loos* ‘-head .stock ceiilie. 

.Another method ol test in*.; this relation foi* accuracy 
is illustrated in I’i^^ 41. This method is an electro- 
micromctrical om*, and involves the use of.a micro- 
iiieU'r screw In-ad and an I'lectric circuit. Tin> 
electric circuit coniains a battery of c* lls, \], and a 
telejjhone r*-!ceiver, buzzer, or electrie sir^niallin^^ hell, 
li. The micioiiietej, M. is insulated from the lathe, 
heiiiL' held in the slid.* rest between vulcaniz»‘d fibre 
wash(‘rs. (■ is a ruhliin^ contact oi- hi-usli and i.s 
always in contact with the tost Ijar, whi*-h is driviai 
from ‘thti di-iviiiL' spindle in one of the. ways 
detailed above and supporte(f at 'its, outer end as 
shown in th(j li^uire. When tlu* rnicroiTieter com<‘s 
int/) contact with thr* surface of the test bar, the 
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(jlnuiit is completed and a sliarj) click is lujard in tlio 
ri'ceiver. 

In tliis test, tli^*. test bar is s“t to rim true iti the 
iatU«*, as sliowM in 41. The micrometer is then 
sot to ^^vo the (4ick in the receiver, iind its reading is 
noted. After this it is moved alon^ with tin- slide 
rest lothe other mid of thii har, and the saiiv proc(‘SS 
is jiiissed through a^uin. II theif is any dillerence 
hetween the two lesidin^s it. is directly projiorlional 
to the ei-ror in t)i(‘ movoment of the slide I'ost. Jly 
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iliis method it is possible to obtain a reading at any 
point in the len|i»th of the test bar, and so dt:terinine 
whether tiiere are any loeal errors or not. 

In one jiraetiee the method of testing the cross 
slide, of the slide rest for rectangularity involves the 
use of a special test pii^ce, as illustrated in I'ig. 42. 
This test piecojs^i^nvided with an amndar channel 
which forms two annular rings in tlie piece, aTld it is 
iHpunU^d diivctly on the nose of tfie driving spiiidlij. 
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A very light out is taken over the ends of the rings. 
The surfaoes forinoxl are then testc'd in the manner 
indicated by means of a tested straight edges. 

p n 

This straight edge is |)lace«l diametrically aci oss, the 
test piece, and if the cro^js movciiKsntof the slide rest 
is at right aisgles to the spindle and lathe axis, the 
s raight edge will touch the annular sui faces at the 
points indicated by the arrowheads. If there is a 
space between the inner ring and tins straight edge 
it is obvious that tin* lathe will face woi k holh^w or 
coficave, wheinas if there is a sjsaee hetwi'on the 
outer ling and the straight edge tlie work will bo 
faced conv(‘x or round. The? former condition is the 
' bettor ol the two and is, in some cas(‘s, {uitually 
aimed at, the variation, which amounts to about 
O’dO'J ill., being d*'lecied by the use of hard thin 
pa])er between the jdate and tlie straight edge. 

In a slightly dilfereni form of this hsl a test face 
plate is used. 'Phis is mouuted directly on the driv- 
iug sjiindJe, as shown in Fig. 4-1 at P. A light cut is 
takiin across tin* face of this, and the blade of a tested 
square, S, is tluni liroiight up against it. The stoek 
of the stpiaro is placed on the bed of the' lathe, J^. 
This test checks tlio relation of the cross slide to 
the lK*d ol the lathe, and it alsri checks the relation 
of the ax(5s of the two hearings of the driving head- 
stock to oiuj another. 

Neitlu!!’ ol the above tests is a quantitative^ one. 
In such a test a micrometer gauge, or indicator, 
which wnll reiwl to at least O’OOl in., must he used. 
In th'is case, also, a face jdate which is lightly 
faced is made use of. After the facing operation the 
measuring instrument is secured to the slide rest, 
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and two rcjidings taken with respect to the surface 
of th(*. plate, one at a ])oint at or towards the. front, 
such as A ^‘1, which is a plan view), and the 

otli»r fit fi point A, difiinelrically opposite to it find at 
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the Riinie .listiuice from tlu' ciiitie of ifie iilate. 
When tlici cross slide is heiiif? moved across the 
saddle; of tlie slide rest, as shown by thi; arrow J>, the 
latter most be {{ibbed siicuroly to the lied so as to 
admit of no longiindinal movement. The tw<* read- 
iii|;s should either agree or differ oMy by about two 
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or throo thoiis}in<lths of tan inoli, tlio luck lOiidin^ 
Ijoin^ tht* smaller of tin* two. 

The explanation of the principi(‘ of this test is 
tliat tlie stniif'hi line joinin^^ two corresjion'ding 
])oints in the surface of tht‘ })lal(‘, wliich ar(i dia- 
nieti-ically opposite and at the sani(‘ distaiu-e from tlic 
centre of the plate, is a lino wliicli is t*xactly at i-iglit 
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angles to the axis of tie- driving and lathe. Thel■l^- 
foi-e, if th<‘ cross slide is disposed across th(‘ bed of 
the lathe at arj\ angle other than a right angle, the 
direction of its movement will he slightly inclined 
to this line, the obliquity being indicated in the 
manner stated. 

lf.it is not conv(*nient or dt'sirahle to take a light 
cut ov(!r the face plate in th^ ahov * test, it is possible 
to make the tests with a face plate whieh may he 
assumed not to run true whether it d^es qi* not. 
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Fii this cas(‘, the two j'«;}i(liijj(s are tnkon at exactly 
the same point on the, face )>Uitc., the lattin- 
svvnnf( throii^Hi Inilf a I'evolution hefore the sj^cond 
r(‘,adin^^ is taken. This metliod will j^ive lesnlts 
equal totiiose ohtainalde in the al) 0 ve tests. 

7. Tests on the Bed for Wear. -The wear which 
has occ-nned on a lathe l)ed iua\ h<* d('leijnined 
(j\i:ilitalivel\ |»y means nl' a sLraif^ht ed*(e. 'I’o 
deteiiniiic it quantitativel\ in both tlie hoiizonlal 
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and v(‘itittal jdanes, the ajiparatus shown in k’ig. 40 
can h<‘ used. This jij)paratus consists of a leni'lh of 
steel wile of a small uniform diaineh'r, such as, for 
t^xainplc!, sUu'I jiiano wire. This is attached at its 
two ends to the centres of the lathe in the manner 
indicated in the subjoined diaf^ram in Fij». 40, "and 
tin'll stretched between th(*ni. Micronu'jter or 
indicator readings will show ivlietUer there is any 
wfto’ at one ])lafte, such as A, with respect to anj* 
0 
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othpi' plsLcr*, such as B, whilsl iiitcnuediate i-oadiu^'S 
(f)oth horizontal and vertical) N\ill indicate the extent 
of th(5 curvature (if any) of the bed and j^niides diu^ 
to wear. In these U‘sts, which aT(i rtsilly olddathe 
tests, the inici-oineter or indicator may he moved 
along the hod in a s])ecial holder, or it may 1 h‘ held 
in the slide rest and moved along Iheiein. 

S(‘veral of the tests which liave his'n described in 
cornu'ction with the aligning of Iht; ('('litres and slidi^ 
rests are also apjdicahle in this case. 

H, Lead Screw Tests. -The chief fund ion of 
those tests is to check the accnrac) with which the 
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lead screw thread ha> b(‘en formed. Jn other words, 
in these tests tlu* pitch of the lead sert'W, which is 
usually a si ngk*- threaded scriiw, is chocki'd from 
point to p(hiit in the length nf ihe sci ew. 

These tests can be perlonneAl wiib tbe lead screw 
in sUii in tin; lathe or in a Sjieeial testing machine. 
Ill the majority of cases the former is adopted. 

The reijuireinonts of th»*se teslft are means wheniliy 
the advance of the saddle of the slide rest for a defin- 
ite revolution of the lead screw can be obtained. The 
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immsnrin;^^ insti uinL^ni vvliuih is geiiorally (^inployotl 
ill tlio laliii- tests is a iiiici-oiiietor gauge of some form. 

[ii one form of the test a plain iiiicronu'tej- head is 
moimt(5(l in a fitting which is capable of sliding on, 
aiul lining secured rigidly to, the bed of the lathe. 
The axis of the micrometer spindle is disposed paralhd 
to tlu; axis of the lathe, and the end of the spindle is ar- 
ranyi^d to work in contact with a sp(‘cially planted and 
scra]ied surface on the side of the saddle. Any 
•movement of the saddle with the range ol th(i iiistrii- 
inent can he measured, and as soon as the limit of 
the capacity of the instninient has heen readied the 
microni'Ter fitting can ho moved along the lied and 
ihi‘ luiemmeter spimlle set afresh. The definite ro- 
tatiori*of the lead screw can he obtained hy making 
use of the face or the surfaci* of the rim of a face 
plat(^ On this face or surface a fine line is scrilxd 
h^ m(‘ans ol a sm facii gauge or scrihiiig block resting 
on the bed of the latlu*. ff o(jual change gear wheels 
are tMuplo^ed between the driving spindle and the 
k*iul scn'w---theii for each turn of the face plate acom- 
|,fete and c..aet ri'volution will he made by the lead 
sc!(‘w. .Ih’ this means variations in pitch pi;r revo- 
lution can he determined. If a closer test is reipiired, 
the surf:ice ol the face plate has to he divided into 
two or four e<pial ]»arts on a dividing iiiachim; or 
universal milling machine. In each case, ol course, 
the needle of the serihing block or surface gauge is 
made use of to determine the aniount of revolution 
of the face jilate arul lead screw, that is, whether it is 
a wliole or a fra#ti()iial turn. 

Another metliod of measuring th« lulvance of the 
saddle is indicated in Fig. dO. Tn this case two* 
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fixtures or platos csmyiiiK vertical cylindrical pins 
arc used. One of thesis is fixed rigidly and perma- 
nently (for tlie pur})Oscs of this test) to the saddle of 
the slide rest. The other is fitted on the bod and ar- 
ranged so that it ciin he moved into any })Osition on 
the iKid in a longitudinal direction and secured rigidly 
therein. The axes of the two pins arc; arranged in 
such positions that their common jdatie is parallel to 
the axis of the lathe. J^etwwMi these two ])ins an 
insider mie.romctcn* gauge or tost indicator is used to 



determine the movements of tlu; slide-rest middle. 
Oolujrwiso, the, HUidii'i ttparamh is the same as in the 
abov(! case. 

To obtain local inaccuracies in the pite.h of tlie 
screw it is not necessary to make each setting of the 
micrometer bear a fixed and definite relation to the 
orief immediately procodin{j it, but if it is required to 
obtain the general or cumulative inaccuracy in the 
pitch of the screysr for its whole length, it is absolutely* 
. essential to move the micrometer or the gswgo 
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cyl’uidor an (!xact amount each time. In this latter 
case the exact amount can always he ohtaincxi hy 
means of the mici\)mctcr. For the determination of 
the ;Jonoral or cumulative inaccursujy a long adjustable 
inside micrometer gauge is far mon^ suitable than a 
short one, since its use involves few(U’ movements of 
the movable gaugci pin on the bed of the lathe. 

In the practice of some works tin; lead screw of a 
lathe is tested for accuracy of jntcb by placing it be- 
, tween the centres of another lathe (th(‘, accuracy of 
whos(i load scr(‘W in regard to pitch is a matter Ix*- 
yond dispute) and connecting up the two as for the 
cuttitig of a scr(‘W with a thread having the same 
pitch as the one to J)e tested. A micrometer or tost 
indicator is used to determine the pitch inaccuracy, 
if any exists. This instrument is secured in the tool 
post or clamps of the lathe, the spindle or contact 
finger of the micrometer or indicator Ijeing held 
against the edge or side of the screw thread. Assum- 
ing th(3 pitch of the testing or master screw to be ac- 
(Miiate from (uid to end of the screw, this test will 
s-’liow both h)cal erroi's and iho general or ciimulative 
error in the pitch of the thread. 

An improved method is to place the screw in a 
s})i‘cial lead-screAV testing machine, one form of which 
works on the above principle, but which is g(Uienilly 
more accurately built than an ordinary lathe. 
Moreover, in such a machine are usually incorporated 
refined im^tliods of measuring small distances, thtise 
being chiefly microscopic in character. In another 
form standard ejid (a- length gauges ai’e employed to 
bhtaiii the required measurements. 

Ooricerning the degree of inaccuracy of jiitch which* 
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is pcnnissiblt', it may l)o statrul that tliis varies con- 
sidrvahly. Tims, in lh(^ jmwitice of one lirni of lathe, 
builders a ciimulativ**, t‘rror of Od)l in. in a length 
of 8 ft. is allowed, whilst, in the. practice of 
ani>th(‘r iirin it is ninch loss, ht'iiij^ onl\ O tMlo in. 
in (i [1. 

11. Slide Screw Tests.-- In these tests tlie iio- 
eiiraoy of the threads of tlie cro.ss ainl lo)) slide se.rews 
is «heok(‘d. They art*, however, freinieiitly omitted 
from works’ s(;hem(‘s of ti‘sts. Thtw oan ht; per-,' 
formed in any of the wa>s indioatt'd above, the }>or- 
formanct* of the tc'slsheine facilitated when the screws 
are ft(]uij)pt‘d with micrometri(5ally eradiiati'd dials. 

10. Test Report on Lathe,- In an np-to date 

machine-tool manufacturing works, a re))or1 isi^ivtai 

by the insj)ect.or or tester on e.v(‘rv latiu* which 

jiassos through his hands. This ri‘porli is arranged 

so that reference to it is an eas\ maUi‘r at an\ lime, 

' . ' 

aud so that an (‘xaminalion of it hy a prospective 
buyer will reweal the more salient teatnres of the 
lathe in regard lo this question of the accuracy of 
parts. , 

The form of the re})ort varies consideiahly with 
dithjretii firms. The outline of one sueli foi in, which 
comhiiies the best fe.atures of repoits of this kind, is 
j^iven in the Appendix. It should he unde,rstood, 
however, that the particular form of the rej)ort in 
each cas(; depends laif^eU upon the nature of lh(^ 
tests which are, applied and upoji the wny in which 
thej anj carried out. Tj^erefore, since tlu* ti?st 
methods in diil'crent works vary^ it as only to Ik* ex- 
pected that inspection test. re|>orts vary also in tlusir' 
.contents and their arrangement. 
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TuKUKT liATlIK TkSTS. 

^riif principal s])<.;cial lost for accuracy in this case 
is that in Avhicli fhti ])Osition of (‘ach of tin; boles in 
llu Ani-rci bead is U‘stcd with respect to llic position or 
positions of ilic diivint^ spindle or spindles ol tbe 
machine. IVac.ticallv all tb(‘ oilier tests aiv similar 
to tbose vvbicb bsivi^ been dealt with in connection 
with tbe te-;tin^^ of the (nifrine lath<‘. 

in one l'(»nn of this t(*sl it is necessary to use a 



j^romid hardened steel ti*st pluf^ wbicdi just fits in 
each of Ibe lurre.t boles. .\ simjde micrometer or 
t(?st indicator is fitted at tbe end ol a bout arm (as in- 
dicated in Fie 17 ), this arm beinji carrit'd in an ar- 
bor wbicb is secured to tbe diiving spindle in some 
way as, for exainjile, tbroiigb tbe medium of a- latbe 
cbuck. Tlu;^]rmdle is rotat(‘d by band and carries 
tbe micromiaer or indicator lound with it, enabling 
a miinb.'!- of readings of tbe instrument to be taken 
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in th(‘, revolution. "Pour places are usually selected, 
thcst* being situated at the to]>, bottom, front, and 
hack of the plug. Tbe vertical oivor is oni^-half of 
the ditterence between tlie first two readings andcthe 
boi izontal error one-half of that between tbi^ others. 

To test the accuracy of dispcjsition of the turret- 
head slide, corresponding readings aie taken with the 
turret head in another ])Osition, as indicate*! In the 
dotted lines in the figure, the inoveriu'nt of the head 
being in tlu* direction of the arrow-liead. 

MinniNcj Ticsts. 

The nature and function of milling machin(j tests 
vary somewhat with tbe type of the machine, but, 
speaking generally, the same fimoamontal princi^de 
underlies them all. 

1, Levelling Tests,— These tests apply chiefly to 
the tallies of these inacbinos, and are usually per- 
foi'tned by means of one or more spirit levels, the 
method of application being tbe sjimo as in the case 
of lathe-bed levelling tests, though any of the other 
methods applicable in the latter case aio also appli- 
cable in this. Ill each case, the table should he 
tested for Isuh longitudinal and tiansve.rse horizon- 
tality, with tbe tahlo in its middle position on tlie 
saddle or clamp bed, and the latter in its middle 
position on the top of the kiio(' or bed, wliichever 
form of support is used. 

2. Driving Spindle Tests.— The first of these 
tests is that of coincidence of the axes of the driving 
spindle and the cutter-arlior Socket which it contains. 
This is^performod by means of a special mandrel or 
proof bar and te?.t indicator or micrometer screw 



T>ifiTS OiN MA(1HINE-T()OL KL15MENTS 89 


gauge, the mandrel or proof bar being socketed in the 
spindle and the indicator or micromtiter being mountcul 
on the table of Ihe machine and kept in one place 
theseou. The test is similar to the corresponding 
lathe tost. 

The second test has reference to the relation 
between the direction of the driving spinc’le axis and 
the top of the table. One method of p(‘rforiniiig this 
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test is indicated in Kig. IS. In this test, if the, spindle 
is horizontal and the ciittci' arbor socket has, by the 
previous test, been shown to he correctly disposed in 
the (Slid of the spindle, a test or proof bar with or with- 
out an outboard sujiport in the overhanging arm is 
used. This bar should be of uniform diaraetei- and 
admit of the uses of a spirit level on it, as shown in 
the ligun*,. flic comparison is obtained by ^slacing 
the spirit level also on the table* transversely and 
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notiuj^ the two results. In the aecoud forin of this 
test, Ji tost indicator or Tiiicromcter is used, this heinfj; 
moved across the tal)le hetwet'ii the liitkjr and the 
tort liar, either with or without parallel test stvi]>s 
underneath it. In oi-dinar\ cast's the test har and 
the table tO]) should he nearer to one anothri' at tlu; 
outer (‘iid of the har than at the other end hy, say, 
one 01 - two thousandths of an inch. 
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When the drivinj' spindle is vertical (as in 
the case of \ertical millinjf machines), a test har 
which carries a micrometer hejul or h'St indicator is 
used as indicated in 49. It will he noticed that 
the tost har is socketed m tin; spindle, so that, wlum 
the spindle is rot:at(;d, the inicrometiir or iiulicator is 
carried’ round with it. U(;adin^s taken at points 
which are diametrically ojiposite will indicate the 
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(lugrre ot error (if any cxLsls) in tlie ali^niniont of the 
simullc. 

Anotber tost \vliich is soniotiinos poi fornu'd obeoks 
tbo'ali^^ninont of tlio oiitbn;i.r(l boiiring support in the 
ovorbanning arm wilb respect to the drivin" spindle, 
[n this csise, tbo inetbod adopted is simila»- to that 
kvbicb is shown in log. 17, (be turret, head being 
oplaccd l>\ Ibe end of Uie overbanging aiiii oi llu.* 
Luilling nlacbin(^ 

d. Cutter Arbor Tests.— Tbe lirst <>1 those tests 
•hecks Uie triiLli of running of the arbor wlion it docs 
not cjirry eiihor washers, nuts, oi' cutter. A test 
ndicatoi- used as in the cornisponding spindle lest 
IS all that is requ*yed. 

Title second lest is }>erforincd wlicn the washers and 
nuts are in ibeir respective jdaces, the nuts lieing 
Lightened up. ll there, is any iiiaceiiraey in tbo 
Lliicktiess nr lilting of t!‘0 wjvsbers, the elToct of 
Liglilening iqi the nuts on the arlior will be to bond 
Llc’ arbo]' more or less sliglitly, and so throw it out 
of ti ulb when running. Headings should be taken at 
the emlsiof tlu; arbor. A slight modilicatioii of this 
U'si is 1.0 mount the arlior between lixed ci'iitius and 
then test for l uiining truth by tlie application of a test 
indicator or micron lelor, tlie diftbreuce between the 
maximum iind minimum Headings at any one placti 
lieing eipial to twici* tlio eccentricity or error, as has 
been already explained in connection with tin; I'lm- 
ning-trutb tests on lathes, 

4. Knee Tests. The knee of a correctly huilt 
milling machine possesst^s three features. J-Trst, the 
knee guide on tlie column of thermae, bine sliould be 
exactly vertical so that the movements of the kpec 
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are really vertical inoveraents; second, the upper 
surface of the knee should he horizontal in every 
direction so that the saddle is always moved on the 
knee horizontally; and, third, the actiial ^midiiif^f Vees 
on the top of the knee are parallel to the axis of the 
driving spindle. 

The first point is tested hy means of a cross or 
transverse spirit lovid, a try scjuarc, or a dead -square 
triangular frame caiTving a spii ii level vial is one of 
its limbs. This is placed against both the. front face 
of the coliiinn and the dovetailed guide', faces inclined 
to the front face. A necessary jn oliminary to this 
test is, of course, the levelling of the table and spindle. 

Another method of testing this point is to use a try 
square against the front face of the column and a, tost 
indicator or micrometer between the horizontal limb 
of this and a special arbor in the; Kj)iMdlc of the 
mad lino. 

The secotid point is loste<I hv means of an ordin- 
ary spirit level placed transversely on the toj) of the 
knot; when the saddle is close in and right out. Jf 
this test docs not show that this guiding smfacc is 
horizontal then, though the. lop of the table may h(! 
horizontal tj-ansversely, the machine will not he 
capable of turning out accurate woik nndoi' all 
ordinary working conditions. 'I’o secure this end 
this guiding surface must he pai'allel in a vtjrtical 
plai e to th(i common axis of the driving spindle and 
cutter arbor, which is assumed in this lest to liave 
been djecked for hoiizontalitv. 

The third point c;an be tested by mqans of a test 
indicatoi* or micrometer mounted in a iitting which 
is designed so as to*he capable of being moved along* 
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the saddle ^^uidos. This instrument is used in con- 
junction with an accurately f^round test bar of uniform 
diameter which il socketed in the driving spindle and 
sinf[)ort(;d in the overhanging arm. 

5. Saddle and Clamp Bed Tests.— The table 
guides in the. saddle of a plain machine, or the clamp 
bed of a universal inachino, should be hcri/ontal in 
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the diiection of the length of the table and situated 
exactly at right angles to tin* axis of the spindle. 

The first point is tested with a spirit level in the 
usual way. 

The seeoud point is dealt with in a way similar to 
either of those shown in T’igs. 41* and 00. A test 
indicator or micrometer is secured to the oi^ of an 
angle bar socj^eted in thi; end of the driving spindle. 
The spindle is moved through a part of a rc^^olution, 
^nd a readiiiL^ on each side of it fs taken ainunst the 
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If the rectangular condition is satislied, the 
two readmits will agree. 

(). Table Tests. — The relation on tht; edge of the 
platen or tahh* to the axis of ihi' sj)indh‘ can also 
tested in the manner indicated in Fig, oO, as can the 
relation ))etwcen Uic longitudinal slots in the table 
and the spindle axis. In these latter tests recouisc; 
may have to ))e made to the use of an external con- 
tact lever on the indicator fas shown in the small 
view) in order to enable contact to he made with the 
sides of the slots, though the use of a specially planed 
and scraped strip in the slot will obviate the mscessity 
for this. In all these cases the j-cadings taken on 
the opposite sides should agree. 

There is another luetliod of })erforniing tliis iost. 
It is, however, only applical)le in those cases where- 
in the machine table is provided with a clamp or 
swivel lied. In such a case, the l)ed and table are 
swung through 90' from their normal position and 
clamped there, use being made of the scale on ihe bed 
to determiiie this position. A test indicator is then 
used in conjunction with a parallel arlipr in the 
spindle to determine any inaccuracy which may 
exist. 

In the case of universal milling machines the ])osi- 
tioii of the slot which guides the dividing lujad and 
foot stock is of considerable iinportancc!. In practi- 
cally every instanci^ the tongues oj- wai'ds on the 
undersides of the head and slock ai'ti disj)Osed iin- 
inedia||ely below tlu; centres, so that it is dtisirahle to 
have one slot in the middle of the tahlo^to Lake these 
tongues: I'uithcrmorc, it is desiiahle, to liave the 
vertical axis of swivel of the trunnion or clamp bed, 
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thu ('.onniion axis of Iho dividing hniid and footstock 
(iontns, and Llio (jomirion axis of ihv. cutter arliov and 



I’li;. - Ti'st on iiiilliiij' marliiiu* tabio nlots. 

driving spindly se disjK)sed that the first and sc,cond 
and the first and tliird intersect. 

The. absenct! of tliis addition iR a universal mill- 
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iiig rnachino results in restricted usefiiluess, since 
such a condition is one of the essential conditions for 
satisfactory, straight-forward, spiral, or, more cor- 
rectly, heliciil cutting. 

The alignment of the central slot can he tested hy 
the method indicated i?i J^’ig. dl. in this method the 
table has to he swung through 9(1 degr(?(is from its 
normal position. On th(‘ table is mounteil a test in- 
dicator, to the base of which a hook projection is 
jnovided, this projection liiting against om* f)f the 
sid(‘S of the slot, and so controlling the motion of the 
indicator along th(j table. In l.lv‘ driving 8]»indle a 
test hai' of uniform diameter is inserted, its outer end, 
wh(ire possildo, being siipporte»l. Koa<lingH of the 
indicator arc* taken to^vardsthe two ends of the lest bar, 
first on the one. side and iIkmi on the other, as in- 
dicated in the figure, if the slot is in correct aligri- 
Tiu'iit all the readings will he alike. If not., the error 
of alignment at either end will he given by the dif- 
ference hetvvee.il the two I'eadings taken at that end, 
and it will he on the sides of the greater reading. 

The relation of the three axes of the c’ainp heal, 
spindle;, and centres is indicated in tln‘ ohliijne dia- 
gram ill Kig. 62 ill which the; liiu; .\il represents the 
vertical axis of the clamj) bed, (H) the liorizontal 
axis of the driving spindle, ami Kl’ the horizontal 
axis of tlie la\)\c ceulres when the covre.cti condition 
obtains. This is also represented in iiKitangular or 
orthogonal }»iojection in the uppei- view of Fig. fill, 
the letters used in the two^diagrams being identical. 
When, however, the axis of the table centres is off- 
set the axis All dops not pass through the horizontal 
.irterseetion of the axes Cl) and EF. In such a casj 



TMfITS ON M.\('l[INi:-T()OIi MLMMKN'l'S 1)7 


the. (ihuin-dotted line E, F, would represonlj ilie 
table-centre axis in Fi<(. rr2 whilst, as shown in the 
lower view in l^i^ 5^1, tlu! v(u*tical axis would pass 
thro^^li ATi at ii distaiujf* from the liorizontal inter- 
section of the other axes. Tin* dimension .r is tlie 
same in eaeJi diagram, and is the olVsct of the table- 


A 



I’lij. -VJ. — ilinjrrniu kIiowiiii' rciHtion liftwrcn in'inripti) 
iixtK of iiiiirhiMr. 

centre axis with j’especl to the vertical axis of the 
clamj) bed, or vice versa. 

The detormination of this dimension can be af- 
fected by means of a sliarp uiarhinf^ tool {^ripped be- 
twooji washers on the cutter arbor and aiTaiiffed wifclj 
its point just in the upper surface of the table. Jf 
the table? is now swung round, a circular arc wfll be 
des<;ribed on th^ table surface, the c(?ntre of whi^li can 
be readily obtaine»l l)y geometrical iiwthods. The otV- 
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sot (that is, jr) equals the pcrpendioulai- distance be- 
tween this point and the centre line of the slot. 
Another method involves tlio use 'of a test indicator 
and cylindrical gauges which can be mounted! on 
the table. 
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Eio. Ti.S,— Orthugoiuil dinjirmn shoviiu; relHtioii betwren 
principal m\i-s of iiiillinf' niHchini*. 

If an odd number of slots is jjrovided tlie offset 
will be nothing. If, however, thcj number is eveni 
there may or may not bc‘ some olTscst — inorci usually 
there is. To give* sumo indication of the magnitude 
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of this dimonsion, it may be stated that in on(‘ case 
an oflset of J i in. was found, this spoiling; an other- 
wise f'ood machine. 

7.* Feed Screw Tests.— These tests chock the 
accuracy witli which the screw threads wcio formed, 
and are of some importance since millin^^ machines 
are f^^onerally equipped with mi(;romctrically f^radu- 
ated screw dials to read to a thousandth of an inch, 
dir(*ct moasuronient hein*' dispensed with. Tiie re- 
•^liahility of such dials depimd larj'ely upon Uni accu- 
racy of the pitchin^^ of the screws. 

The mc'thods of carrvin;.j out thest* ti'sts which ajc. 
applical)l(5 ai’t* practically the ►so wliich are available 
in tlio case of the laUie, with, of course, modifications 
to suit the special circumstances of their application. 
All the three feed screws are important elements in 
the design of a milling machine, hut the most im- 
portant for general work is the vortical or elevating 
sftrew. Hence, special attention should he given to 
the testing of this screw. 

b. Feed Rack Tests. — ^Tho test to determine the 
accuracy of the pitching of the feed l aek and pinion 
(where such a combination is emiwdiod in tlie design 
of the machine in place of the feed screw) is conducted 
on the same lines as are the screw tests, the revolu- 
tions of the feed handle oi* hand wheel being related 
to and compared with the rectilinear movements 
of the table. To obtain the latter, cylindrical pins 
and plug gauges or inside micrometer or micrometer 
head arc used. 

9. Dividing^Head Tests.-- The dividing head of 

universal milling machine is }>robably tVie* most 
important element in its design. Its function is two; 
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fold, being the support ‘rind the dividing or indexing 
of work. The t(jsts whieh aie made to determine 
the accuracy (relative or ahsoliith of the HpindUi, 
R])indlc socket, et(i., of tiui head are not vei-y dillrrent 
from those whieh arc applied in similar ca^ivs in con- 
nection with the lathe and other machijies. 

rndoxing tests are, however, differetiL They aim 
at testing the aceiiracv with which the dividing or 
indexing is performed, and check errors which occiii- 
in the indexing plates and in the ge^aring of the head. 
In all well-made dividing heads those errors arc (5.\- 
coodingly small, since tlu* indexing plates are engine 
dividiid and the gearing is of the worm type with the 
worm hardened and ground to shape and size.. 

One method of testing the worm for aecnraev is to 
gi\o the indexing handle a niimher of eqmil movo- 
nients each covering an exact number of turns and 
to scribe a series of line lines on the rim ot a special 
testing plate mounted on the spindl(‘ ol the hen\]. 
When the c.om])letc fort\ turns of the indexing liandh* 
have been made, the lirst and the last setrihed lines 
can he compared. If they coincide, there is ])rMcii(rally 
no general error in the worm geai ing. 'f o check for 
local erroi'3 the testing plate has to In* removed and 
th<j graduations te.sted in a special dividing mac.hiiu^. 

As a variation of the above, a specially gi aduatcd 
te-iting plate and micro.scop(', containing a graduati‘d 
micrometer screen to determine the values of lh( 
local errors, (laii be used. This latter method also 
len^s itself admirably to the testing of the indexing 
plates, though this work is better done on a special 
machtne. 

Another inetHod is to use a special lest jjlate^ou 
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the spindle, this liiivin^ 10 notclies in its p(?riph(*r>. 
Tn conjunetion with this a notcli liiif'er mounted in 
a fixtui’e works. This finpjei' is ca])al)le of hein^^ 
moved in a direction tan'^ential tothe})lat(’ periphery, 
its movements in tliis direction beiiig mi asunsd hy 
nj(‘an9ol a dial gaug(‘. The local eiTor jujrmissihle is 
a niov(‘ment of the finger of 0’0005 in., whilst the 
cumulative (‘i ror in 40 turns must not exceed 0'002 
in. on a plah*. 

Duim.ino Machink Tksts. 

Many of the tests which liave been already 
descrilu‘d ii.re also Cii.pable of application in the case 
of the drilling inaelTine, since many of the movements 
and th(‘ relations of the vai ions elenumts of the ma- 
chine are oi the same general t}]»€^s as in the cases of 
tluj lathe and milling machine. An instrunuait for 
cplK'cking the. disposition of a drilling machim^ table 
with i'(Npect to the driving spindlt‘ when no actual 
iuei.,Hiir( un'iit is required is shown in I'^ig. ol. This 
histrunieajl consists of a tapered hod\, S, which 
contains a small coiled spring. This spring presses 
on a cvOiicave die, wfiich in turn jirosses on the 
splierical end of a scribing needle t)r awl, N. I’he 
end of the needle is ])revented from falling out of the 
body by tlu^ screw cap G. The; spring provides just 
sullicient fi’ictioual resistance at the joint to hold tho 
needle in any position in vrhich it is placed. The 
manruu' in which this tool is used is alsti indicated in 
this figure, T reprisentiiig the machiiu‘ lahhi, and S 
the machine sjiindle. 

A measuring instrument for thiiJ test involves the 
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use of a micrometer head or lest indicator in the 
end of an arm secured to an arbor socketed in the 
driving spindle of the machine. 


s : 



Fni. 'll, — Drilling machine test inclioator. 


PuANiNc; Macihnk Ti?sts. 

Table and Bed Tests. — The principal tests 
which are imide on planing machines are tests of the 
horizpntality of the ways of the bed (whether square 
or voe), table or platen, and^cross-rail. These tests 
cover both longitudinal and transverse horizontality. 

One method of making the longitudinal l)ed-level- 
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ing test is indiesited in Fig. 55. In this figure W 
represents one of the ways of the bed, S a parallel 
test block, and Ij a spirit level. The parallel test 
block (which is dispensed with in the rather rare 
cases of square ways) is placed in the way as indi- 
cated, so that its top face is practicjallv horizontal 
transversely. The spirit level then enables longi- 
tudinal horizontality to be obtained for this way, or 



Fmi. r>ri.-i-Tj()ni!;iLiulin:Ll tcKt on phiiiin^ nuieliiiu' tiililo. 

the levelling error to be calculated or otherwise de- 
termined if the vial of the level is graduated. The 
other way is treated in exactly the same manner. 

One method of making the transverse level tost is 
represented in Fig. 56. In this figure C C represents 
two test cylinders or standard plug gauges of the 
same diameter, 8 repmsents a parallel test block, L 
represents a spirit level, and W W itjprosent the 
ways of the bod. This test — as well as the above — 
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should 1)0 lujido ill sovorjil placfs in the IciiL^ih of 
the bod. 

in oT is indicjiltjd a inolbod of conihiniiif^ llic 
lonmnliidirijil and liansvt'rsc l{*vollintT tosls. Th(‘\'iow 
shown is ji ])lan of tlio iipparatus lecjiiired in its po- 
sition on iht* hod. This apparatus consists of six 
similar tost oylindors. (\ four or livi^ pjirall(‘l tost 
hlocK'N. S, and ii spiiit lov(‘l. L. With llio ai r.-m^^t^monl 



I'ld. ‘»(k- Tran^M-rw- mi 


shown, the h vol can l)0 used in tin; two diroctiotis. 
This onahle s jiny Iwisi or wind in lh(' liod to l)o de- 
tected readily. In removin'' this tw'ist, thin tissue 
pjipor is sornotiines ])lac»*d imnu‘diat,o|\ nndorneatl) 
the upper lilocks and the l)od raised locally until this 
is jusit gripp(;d. ^ 

" 2 . Housing Tests. — Tin* testing of the faces ol 
the housings for veriicsility and transverse alignment 
can be performeJ l>y means of a special scpiare sup- 
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j)art(‘(l on ;i spcioijil block on th(* Avayn of the iiiMchiiic 
and a dial ttist indicator socnml to a special block 
caj)ablc of beirif' moved on the housing' faces. 



''b:sTs ON Othku Machine-tools. 

fn ilif forej^oin^ all the most important aspects of 
niacliine-tool accuiacy testin*; have been dealt with, 
fn the considerations, however, stjveral machine tools, 
such as i^rijidinji macliimjs, borinj^ machines, slottin*' 
machitnis, and shaping machines bav(‘ not directly 
received attention. Tliis is because practical!} all 
tb(' accurac} tests jvquired on these macliines are re- 
^|uir(^d, (‘ither in the same form or only very slightly 
modifit'd, (Ml tlie maediines which have leceived at- 
tention. llimce. many of tin* 1(;sts* which have been 
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de8cril)od iindcn- other hoadinj^s eaii )>« made to apply 
under this. 


CjKNEUAL OimHUVATIONS. 

It should he borne in mind tljat the primary function 
of all mivchino-tool accuracy testin^^ is the check- 
ing of th(i workmanshi]) incor})oratod in the con- 
struction and erection of the inachiiujs so that these 
latter will h(‘ capable of turning out work which is also 
accurate, that is, accurate within tlu‘ limits of (*rror 
which ari! permissihle in each case. TTence, it is 
often advisable to test certain machine-tool cleanouts 
under conditions which an^ somewhat similar to thosji 
which ar(‘ likely to obtain in the actual us(‘ of the 
machiiK*. Thus, for c^xamph;, it may he advisal^le to 
test overhanging machine tool tables and i jwlial arms 
for accuiac) when these are i]ior(‘. or l(‘ss loaded, 
sm<!e ii is known that, owing to their cantilevtjr form, 
they arc liable to deflection under the infUienci* ol 
the cutting force or forces which arc* created in cut- 
ting operations. 

A secondary function of njachine-tool accuracy 
testing is the maintenance of a high degree, of fitting 
between (jngaging parts, and the reduction of the 
frictional resistances encountiM-ed by the moving 
parts. This, of course;, hears a direct Halation to the 
question of the mechanical elhcioncy of machine- 
tools. 



CilAPTJ^R TIL 

MACHINE-TOOJi SPKEJ) AND FEED TESTS. 

I The vanatioiis which occur in the general design of 
machine-tools are rine largely to the following canses, 
taken eitlier singly or coll(‘ctively : — 

J. l)iti’ermiC(!S in the forms of the cutting tools ; 

2. DilTorcnces i^ the kinds of cutting operation ; 
• and 

3. Variations in the dimensions and shapes of the 

work pieces wdiich have to be machined. 

Accoi-ding to these variations in design, machine- 
fools can be classified in quite a number of ways. 
Probably the principal classification, however, is 
based upon the dilTenMitiation between th(‘- forms of 
motion froni which the cutting sjieed is directly de- 
rived. In some machine-tool types this motion is 
imparted to the work undt*r operation, such as the 
lathe, planing machine, and boring mill ; in others, 
to the cutting tool, such as the milling machiue, the 
drilling machine, and the shaping machine ; and in 
another thougli rathei' restricted type, to both the 
work and the cutting tool, such as certain forms of 
grinding machine and gear-cutting machine. • 

Wheth(jr this motion, however, is given to the 
work or to the cutting tool, it occurs in ordinary 
cases in only two forms, namely, circular or lotatoiy 

/iiurrs 
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motion, iiiul r(‘ctilint‘}ir or r(‘ci])ro(;atory motion. Tiu^ 
basis of tli(^ former is an an^ulai' sixu'd which is 
measmod usually in revolutions })er mimiLe, whilst 
that of the latter is a linear speed, which is usually 
stated in hu^t per minute (I'hij^lish system of measure- 
ment) or metres per minute (metric system of nieasurci- 
ment). 

llOTATlONAL SeKJil) Tks'I'S. 

The cirujf maehint‘-tools in which the speed a 
rotational one are, the various lorms of liith(‘, the 
diillin^^ machine, the millirij^ maeluiK*, and tlw' poind- 
ing maeirme. In connection with the ellicienl opera- 
tion of any otu‘ of these it can he i‘eadil> sliown that 
the various speeds incorporate,d in the design of the 
mac^hiu(^ should he iii a geometrical pi'ogrtssion, oi- 
as nearh in such a progressir)n as ]iossil)le, though 
there arc machine-tool designers wh»> are still of the 
opinion that these, speeds should In* in ai it.limeticai 
or liarmonical progression, whilst in some fi‘W cases 
the pi'ogression of the spe<‘<ls is very irregular and 
follows no definite law. 

1. Revolution or Speed Counting,— Tin* exact 
determiiialiori of the, sjieed of a rotating shaft or 
spindle is a matter of some, little skill and practice. 
If tin* speed is very low, its maguituile may he ob- 
tained by actuall> counting the numht*!' of times a 
marked point or projection on the shaft or spindle 
passes a fixed point in a given period (.)f time. 'J’he 
results which are derivable from such a nudhod ar(^ 
not very satisfactory, since to elimiiiate errors of 
obsei vAtion, and to make allowance for m, fractional 
turn as far as possible, tin* tim(‘-p(!riod has to he 
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prolo]i*'(i(l excessively. bi^h-speed doLoriiiina- 

tions it, is {ilisoliiicly worthless. 

A siiporioi* iiuiUiod — and indeed the only one 
whi«h is suitable for general api)licat.ion — is to use 
a coiiiitiug 01- indicating instriinu^nt. With a coiint- 
irjg instruinenl — portable or otherwise — the instru- 
ment has to he used in (‘ach dctijrmination for an 
(‘xact period of time, such as a minute or two 
minutes, or the time observed, by means of a chrono- 
ineU'r stop-watch (which will road to one-fifth of a 
second), in whicli the s]Mndle or shaft makes an 
exact niimlK'r of revolutions. 

h'lnuUi menial Formula . — In each oas(‘, the spi'od 
in revolutions per minute (geiuiiallN demoted by this 
letters It.P.M.) is cfaleulated by means of the follow- 
ing (‘xpiession : -- 


N (it.r.M.) - 


No. of revolutions counted 


(id) 


P(‘riod of counting 
• In certain cases it is not ])ossihle to count directly 
the mnnlx'r of ri‘Volutions made by the shaft or 
spuidle owing to its position. When such a condi- 
tion exists it is neeessai’v to determine the surface 
or (‘ircuml'erential sp(*ed of a part of the shaft or 
spindle wliich has a known diameter, and from this 
calculate the angular sp(?ed. The formula which is 
employed in tlujse cases is as follows : — 

Surface sptujd, in feet per minute 
Circumference, in fei^t 

where S — the smi'ace spi‘ed, in feet pm- minutti, and 
i) the dianu’ter of the part, in inches. 


N (H.P.M.) 


This mav also he written ; — 
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N (RP.M.) - ;// X S . , (16) ■ 

12 

whei e y isquals and is a constant for any f,nvcn 

value of D. To facilitate the use of this formula, the 
curve ‘'iveii in Fifj. 5H has been plotted, this curve 
l)ein«( the graphical form of th(j relationship between 
the value of ?/ (onlinate) and the diameter (abscissa). 



Fig. flS. — Curve showing relation between diameter and sliced 
coefficient of a rotating b»ir. 


Tn connection with the use of this curve it should be 
noted that the diamcUu* of the shaft should he in 
inches and not feet. 

2. .Revolution Counters* and Indicators.— The 
simplest type of hand revolution counter works on 
the woira-gear reduction principle. One form of it 
i^ represented in Fig. 59. In this instrument th '5 
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nitio oE reduction is , so that for eacli revolution 
of the "raduaUid dial 1 00 revolutions of the sjundle 
are required, in its earliest forms this instrument 
iner^y enabled numhci-s between the hundreds to 
bo read olT directly, the hundreds havin*^ to be 
counted soiiarately by noting the number of times 
a small button or ])iu passed a "ivcn ]>oint. With 
the foj rn shown, howiwtir, it is also possibhj to count 
the hundreds, as well as the tens and units, directly. 
The cud of tin* spindle is in the form of a trian"ul}i.r 
pyramid, this hein^ placed in a coimtersiinlc centre 
hole in the end of thcj shaft or sjundle whose s})(!(id 
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IS requii(jd. An inqiroved method is, howtjver, to 
use a ruhher tij) at the end, this haviiij^ «;reat('r ad- 
hesive powGr than even sharp metal edges. In the 
figure are shown two forms of ruhher tip whicli are 
in us(i, anotluu’ form being the hemispherical form. 
Of the three, tin; conical form is the best and easiest 
to use. 

Since this form of speed counter is never us(*d for 
more than, say, live minutes at a time, there does 
not appt'ar to he any need for many of the long 
ranges with which some are provid(‘d. .\ny instru- 
ment, howeveJ *\vith which it is not possible tovoiint 
the hundreds quite easily and witiTout any unuer- 
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tainty is in tiie nia-jority of cuisc's practically ns(!- 
loss. 

Another form of revolution muntcr is tlu* ILtrding 
counter. In this instrument there is no dial or ^cale 
of the ordinary tvj>e. In placi‘ of this a row of 
iH'ctangiilar or circular opc'iiings (usually the former) 
are ])rovided in the face of the insti umont, as shown 
in Fig. (»0. Behind each of these openings, a wheel, 
which cairies a figured rim, rotaUis finon' or less in- 
termittently) on a horizontal shaft. I'jach wheel is 
tootlied, and is moved, oiu* figure at a time,, hy the 
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one preceding it, with the exception ofthe, wheel 
wliich carries the unit figures. Thus, th(‘ addition 
of only one opening with its conesjionding wheel 
apjjaralus multiplies the range of the iiistruineut 
by ten. The case of the instrument is either round 
or square, and the motion aj)j)lied ma\ he eitlier 
rotatory or oscillatory, according to the dtisign of the 
mechanism of the instrument. TIks design of the 
forrrri'or use in connection vfilh an oscillatoiy motion 
is a little more complicate<l thaii tliat of the other 
form. 
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Such a I'orin of coiinlcj* is eui|il(A(‘d (jliioHy as 
a lixtmc' on a nuujliitH! tool, it Ihmhj; coiitiiiiiously 
driv(Mi from the spindle or shaft whoso speed is 
required. When lotaiy form is used, some form 
of non-slip oi* positive drive, sueh as a ehain, must 
b(i em[)loyed ; when the oscillatory form is used, the 
usual ])racti(:e is to drive' 1 a means of two cranks 
a]ul a coMiK'ctiu^ rod, with, if tu'cessary, a chain 
and spro(;kets and intermedia^' shafts. The hand 
form works on tlu' rotator) principle, and isoqiiipj)ed, 
like' the »‘otal iji^Mii.->k form, with a pointfid oi ruhhor- 
tipped sj)iudlo fordir<'ct coimeclioti with the shaft or 
spindle to he tested for speed. As a machine counter, 
a caj)acity of 10,000,000 revolutions is not unusual ; 
as a hand counter, iTowevei-, it is not usual to provide 
for more thaii 10,000 I'evolutioiis. 

In usin^ this form of sj)eed coimh'i* it is )iec(*ssary 
to ?iote the readings of the instrument at the Ix^gin 
ntn^^ and at the end of a delinite period of time, and 
then l)\ jneaiis of (‘xprossion (14) calculate the speed 
in revolutions per minute. 

With tin ahovo insiriiinonts a watch (preferahly a 
(diionometer stoj) watch) has to he used. Some of 
th(i disk or dial counters arc combined with watches, 
so that it is possible' to observe the two to^^elher, 
though whether such an arrangement enables more 
aceiu’afce lesults to he obtained, oi* the work of taking 
the readings to Iw more exj)editiously peifoimed, 
is a moot jioiiit (3Ncept in those cases wherein the 
insertion of the tmd of tlie spindle into the centre 
hole in the shaljL starts the watch and counter simul- 
taneously, and the i-everst! operation stops IIk'uV 

3. Tachometers. — Speed indicators, gyroineters,^ 
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or tachomoters show at a glance, and without any 
calculation, the angular spends of rotating shafts and 
spindles. They may he divided into throe classes, 
as under: - 

(1) Centiifugal instruments, 

(2) hllectro-inagnotic instruments, and 

(3) Aoro-dyiiainic instruments. 

Ctititnfiufal Tiichme.le.ni. — Tachometers which 



Fin. (il.— CtMitrilngal lachoniotiM' or Hpooil iudiciitor. 

work on the centrifugal-force principle ani of two 
kinds. In the fii’st kind, the centrifugal -force ele- 
mimt consists of a very sensitive governor with 
metal balls or disks which are deflected by the action 
of centrifugal force. This deflection is converted 
thre^ugh the medium of Bijiitablo gearing into motion 
of a needle or pointer working o'‘^er a graduated 
scale, the scale divisions being either units or tens 
of revolutions per minute. In the second kind, the 
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contrifugiil-force clement is a lirjuid. This is con- 
tained in a specially shaped vessel {snch as is shown 
in Fig. 61 ), to which a rotatory motion is given, this 
motion being derived from the motion of the s])indle 
or shaft under test. 'Phe immediate effect of the 
centrifugal force on the liquid is, of course, to tend 
to throw it outwai^ds, hut, since no liquid is perfectly 
mobile and the containing vessel is of a real height, 
the ultimate effect is to cause the surface of the 
•Ijfjuid to assuiiH! a (ioncave (])araholic) form, as is 
shown in tlu; figun^. For (wich s[)eed of rotation 
there is a delinite i)ositioii of the lowest point in the 
curve. The li(|uid must he enclosed in a liermetic- 
ally scaled containing vessel so as to prevent its 
evapoi’j^tion, sinccs the position of the index for any 
sjKjed will de])(ind upon the volume of liquid in the 
whirling vessel. On this form of tachometer the 
scale divisions are practically equal throughout the 
mflge of the scale. 

Electro- Tacluwielers. — Electro- magnetic 
tachometers are also of two kinds. In the first kind 
use is niad'^of the principles of electro-magnetism 
dinjctly, A pei’inanent magnet of a suitable form is 
mounted directly on the rotating shaft of the instru- 
ment, and rotates in the ntjighhourhood of a pivoted 
metal disk (either steel or copper), with the result 
that Foucault or eddy currents arc set up in the 
latter and interaction takes place. This intenKjtion, 
according to the principles of electro-magnetism, 
causes the disk to tend to travel round with ^he 
magnet. It is, however, restrained from doing this 
jomplotely by a control spring, and is only alloVed 
to travel through a small augle. The magnitude of 
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this iui^'Ie (leptMuls inlci' alia ii])on tlit; j)olt! stroiif^th 
of ilur nisijznt^t, tho strcMij^lh of the control 

sj)vin«^, and tlu; S])L'!6d of rotation of tlio nia^not. 
Tho inoveinont of the disk is transTnith'd directly or 
throuj^h gcarin*; to the needle of the instrument 
which works over a graduated scah*. 

In the other form of electro-magnetic lachomettu’ 
a magneto-eh'ctric machiiu* or permaiumt magnet 
electiical geius-ator is used, as indicated in Fig. 02. 



I’’ni, r»2. — F’Ilf«tn»-mrtjziHitic tsw:lion»(‘ti'r ui' iiulicsitt)!’. 


The magneto, M, is sec.ured directly and positively to 
the shaft or spindle, S, whose sj)eed is requiivd. The 
tei ininals of the magneto are. conmr.ted to those of a 
voltmeter, V, hy line wires, L. The voltmi’tiu* should 
he either of the electrostatic type oi- of the high-re- 
sis^ance el(;ctro-magrieti* type, so that the dro]) in 
pressure in the line wires is a negligihle quantity. 
The principle of this method is the generation of aij 
electio-inotive-force (K.M.F,) in the armature of^ the 
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magneto, the magnitude of thisK.AI.F. being divc^elly 
proportional to the sjwod of rotation. I’his M.M.F. 
in volts is indieah^d piuctically on the scale of the 
voltjifeler, so that, under any given st*t of circum- 
stances, the voltnif'ter reading is a <lii-ect measure of 
the speed. To make use of such a n'adin^ it is necos- 



Fi(.. (»;i. -Cjililmitioii c*ui\<* for clcclro-inn^nittio tucliuiiu'trr. 

sary to poss(‘ss a “ calibration curA*e ’’ (Fig. (ill), which 
shows th(5 relation between the. voltmeter reading and 
the sj)eed, and from which tlio value of the speed dL;an 
be taken oH’foi’ Any voltmetoi reading. ^I’his calibra- 
tion ciirvt) cati only h(5 obtained, of couise, as the re- 
sult of special specid tests. 
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An iinju’ovemoiit upon tho above nietth<Kl is the 
graduation of the voltmeter scale to read in KJMkI. 
and not volts. Tu such a case, the instrument re- 
quires S})ecial wilibration. * 

Ami-difiiamic TtU'liometsia . — Aero-dynainic tacho- 
meters are also of two kinds. The iirst woi'ks on the 
“fan or vortex- current principle”. Tlu^ fan is en- 
closed in a horinetically seah'd eas(^ and mounted on 
the s]>indle of the instmment. Its rotation caus(!S 
a curj’ent of air to be created and to be impingO|l 
dir<;ctly on a rotatable vane, the freedom of motion 
of which is limited by tlu* influence of a hair-spring, 
this latter })oing the controlling or lestrainiug ele- 
ment. The exUmt of the movometjt of the vane is 
not pro})ortionai directly to the speed of th(‘ fan but 
to some power of it. Tlie scale of the i?istrument, 
therefore, has to ho sjw^cially graduaknl. In some 
cases, to increase the s]>eed above that of the shaft 
or spindle to be tested, recourse has to b(i liad to ihe 
use of bevel, spur, or spiral gearing in the instrument 
itself. 

The othei’ form of aero-d}'namic tachometer is re- 
presented in Fig. 04. This instrument consists of a 
tul) 0 , C, which is connected to the spindle by tbe bevel 
gearing, 11, This tube has two tee connections, A, at 
its lower end, and is rotiited at a high speed. The 
upper end of C is immersed in mercury which is 
contained in a vessel, 0. Over the u])per end of C 
and also in the mercury is a tube, F, which is con- 
nected to a gauge pipof 0, by a union joint, F, the 
gauge pipe i-uiming to a sensitive vaijuum gauge. 13 
is the base of the instrument. It also servos as a 
shield to the tubes A, and protects these from the 
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influence of external air currents. The centrifugal 
action on the air in the tubes A creates a greater or 
less vacuum in the pipeK, this})eitig indicated on the 
dia1*of the vacuum gauge which may l)e graduated to 
ro»^^ ill RP.M. in pnderence to “ inches ol mercury” 
or “ pounds per S(juare inch In this case also the 
scale divisions throughout the range of the scale are 
not of ecjual lengths. 



PKi. (M. -Aero-dyiminiu larhojiifter. 


Torkoscope.- ~ -An instrument which ju oduces a 
graphical chart from which the average speed, in 
Ji.P.M., during any )jeriod of time can be obtained, is 
called a tachoscopo, though sometimes, ljut WTOngly, 
it is referred to as a tachometer. The princijilc of 
action is that of the governor, centrifugal force being 
employed to move the stylt; or pencil ol the ihstru- 
ment on a moving sheet of })aper or sjieciajly pre- 
pared plate. The general form ef the diagram is 
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iiiilicated in 05. it« avtinij^e which is 

pro])ortional to the average K. 1\M., is ohtaiiKKl hy 
any one of th(! sevcM'al methods of averaging a dia- 
gram, such as the planinieicjr rnotfind, the; iFiOaii 
ordinate inetliod, or Simpson’s rule. 

Tn regard to the im'thod of driving fixed coiintei-s 
and tachometers, it sliould he poinled out, liowc'ViM* 
small the amount of power is which is required to 
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drive them, there will bo soiiu' slip unless the drive) 
is a positive, non-flcxihle one. For this jeason holt, 
strap, and rope drives sliould oidy he tolerated wlicn 
it is not possible to use any other. 

d. Surface Speed Counters and Indicators.— 
These, generally, can he designed to work on any 
one of the above principles, though they differ from 
the above inasmuch as a roller or wheel of a detinite 
diametiu- is embodied in their design' in j)lac(‘ of a 
centre or direct (k-iving mechanisiri. 
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i 

In Fi;'. (Wi is shown ono form of sui’fjico spend 

(jount(!r of the woj ju-^^ojir nsduction h po. A luhlxM - 

tyrod wheel W is inoii]it(‘(l 

(lire«lly OJi llie worm shaft. 

The \Yorin <lrivos the ‘rruduaD'd 

wh(;(‘l. A, the latit) of l•^‘(luction 

h(‘in'( A small pinion 

which is seemed to A in Inrn 

drives anoth(*r <(i*{idiiated wheel, 

|{, the ratio of rt‘(Inclion in this 
I . 

case heinj,' It is thus j)oS' 

sihle to count up to lO(K) re- 
volutions of the wlieel. Now, 
the circLimfei ence of the wlieel Fk,. r»f>._ Surfacn 
is just <1 in. lleiTce, each J('- countfr. 

volutjoii ol ii corresponds to h in., and the ran^^e of 
the instrument is o(J0 ft., and the complete turn of 
tlu‘ wheel .V corresponds to oO ft. Thi‘ scales on 
ttie two whi*els A and arc v(‘ry easily set to zero, 
and the instrument can he r(;adiiy converted into a 
revolution counter. 

A sujierior foiin of suj-face- speed counter wluad 
which hasTieen designed In the aullior, is tlie milled 
or knurled steel wheel. The mbher lyre tends to 
siller its sliajie and size witli time and use, and 
hence cannot he ndied on always ; with the steel 
wheel there is no such trouhh;, though on highly 
finislied surfaces this form of wheel may not he 
suitable. 

Ordinaiy revolution countei’s are reailily convei'ted 
into surface sp^ed counters hy the jirovision of a sur- 
facing wheel of a diameter of 1 *1)1 in. This diiftneter 
corresponds to a circumference of 0*in., so that 1 ft.^ 
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is roprosonted liy two divisions on the scale of the 
counter. 

Cut Mekr . — A surface speed indicator is repre- 
setited in l^^igs. ()7 and (JH. It is an (jlf'ctro-magsetio 
instrument, and is known gtmerally as the cut meter 
since it was originally designed for use in connection 
with mechanical cutting operations. The wheel, "W, 
drives a split ])ermaiient magnet, the external lines 
of force of which are deilected hy a soft steel ring 



through an aluminium disk, the motion of this disk 
being controlled by a fine hairspring. On thii out- 
side surface of the disk are engraved the ligures 
which indicate the speed in feet per minute. These 
figures appear behind a lined glass screen or window 
which is fitted in the case of the instrument, as is 
shown in h'ig. 07. The wheel is fitted with a hard 
rubber tyre of circular section, a form which is 
vastly su^wrior to the rectangular section found on 
piany surface speedometers. The bearings are all 
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mtide as uoarly frictionh^ss as possiblo by the use 
of (Jither balls or sapphiixi jewels. 

Hokivieier . — In 09 is ro])resent<‘d a simple 

fortn of surface S])eecl counter which goes UTider the 
name of rotameter. It is a i)Ooket watch-like in- 
strument and woi’ks on the toothed wheel principle. 
The measuring wheel W is a small smooth -edged disk. 

The range of the instrument shown is only 25 ft., 
but in larger sizes the range goes up to 100 ft. 



FiCi. 6S.— S<rtionaI vkw of out meter. Fig. (il). — Eutanieter. 


This type of instniment is not, howevei*, as suit- 
able for gcneml surface speed testing as ans those 
which are described above ; forver} high speeds they 
are practically useless. 

5. Tests. — In these tests the successive speeds of 
ih(} driving spindle or shaft are determined. These 
are the speeds which are given directly to the w^ork 
(as in th<^ case of the Ijtihe or boring mill) or cuttor 
(as in the ca«c of the drilling machine and milling 
luachiiK'). 

^ The method of making the changes of speed ^in 
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any particular case will depend, of cours(*, upon the 
design of the machine. The princiixil methods in 
use involve the use of stepped speed cones, collaj)sihle 
cones, toothed j^fiarin^', and two or inoi*e counter- 
shaft sjxieds. 

The machine placed under test should he i(‘sted 
pnjferahly unloaded, hecause it is not possihh*. except 
hy iiiciins of a brake, to k(‘op the load (‘veii fairly 
constant throughout such a test. As a matter of 



fact, tlie speeds of machine-tools which are generally 
given are no-load speeds, and these do not dilfer 
greatl}' from tlie corresponding speeds obtained with 
a cut. Of course, this point is related directly to the 
question of belt-slip, hut, except in tlios(‘ cases of 
notorious overloading, this is a matter of l)ut slight 
importance. 

Tho method adopted to measure the speeds will 
depend^ entirely upon circujnstances. In Fig. 70 is 
shown the method of using an ordinary revolution 
counter,* the use of which must be combined with 
that of a stop watch. 
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The following table gives three typical sots of 
spindle speeds obtained in tests on a lathe, diilling 
machine, and milling machine. 

TABLE II. 

SPEED TEST DATA. 


I 



' L-tllie. 

Drill in;: 

Maeliine. 

i Milling 
Mrieliiiie. 

1 




' 

! No. of coniitorshaft spcotls ! 

•> 

2 


No. of coin; steps 


4 

4 

4 

No. of bauk {'ears 


J 

1 

3 

No. of spindle speeds 

' 10 

10 

10 

ITiffh couiitcrsljiift speed 

2i50o 

li.P.M. 

150*0 II.P.M. 

100*0 

•, bow ,, ,, • 

1 • 

•2001 

99 

00*0 „ 

IKfl-H „ 

Spindle Hiiecils : 1 

• iG-r, 


12*5 

lli-0 i 

: M 

• 210 

,, 

17*1 „ 

19-1 „ 

„ „ a 

; 20*0 


21*1 „ 

21*1 „ 

• .» M 4 

:I3*1 


; 24*1 „ j 

i 20*3 „ , 

'11 5 

42*0 


■ 28*7 .. 

35*2 „ : 

d 

52*3 


i 34*7 „ 1 

43*2 „ ; 

„ 1. 7 

70*0 


! 40*3 „ 

53*3 » ! 

' „ M H 

S8*0 

99 

' 67*8 „ 

04*3 „ 1 

1 »» ♦) 

140*0 


i 70*4 „ 

70*4 „ 

„ • 10 

178*1 


1 100*7 „ 

00*4 „ 1 

11 

225*1 

ii 

j 328*1 „ ; 

318*5 „ 1 

„ „ 12 

, 280*0 


! 140*0 „ 

144*0 „ 1 

,1 .. 

3000 


! 177*3 „ 

175*7 „ 1 

14 

450*2 

' 

:2131 

213*0 „ 1 

» M b'5 

000*3 

” ■ 

247*5 „ 

203*3 „ 

1. „ 10 

' 

750*0 

i 


|3'''»0*0 „ 

310*0 „ 


Having obtained the speed values throughout the 
entire range, and obseiTed how the changes are ef- 
fected, it is accessary now to analyse the set to de- 
termine the relationship which exists betvfeen the 
individual speeds, and also to detbrmine the nature 
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of the speed progression. If the progression is a 
regular one — which is not invariably the case— it is 
usually of the simple arithmetical, geometrical, or 
harmonical series type. , 

6. Arithmetical Speed Progression. —The char- 
acteristic of this progression is that the ditleronce 
between any two consecutive speeds is a constant 
quantity throughout the entire range of speeds ob- 
tained by means of any one foi m of mechanism. 
Thus, if = the first spindle speed in revolutions 
per minute; N, == the second; N„ - the last; and w 
= the total number of speeds in the range, we have 
that — 

(Njj - N|) 5= the common difference . . (17) 

Also— 

(N« - N,) 

~(n ~ 1) common difference . . (18) 

If we represent the common difference by d, then — 
N« = N, + (w - l)d . . . ‘ . (19) 

These are the three chief statements relating to 
arithmetical progressions which are associated with 
speed changes effected by only one form of change- 
speed mechanism such as a speed cone or toothed 
gearing. The case which involves a combination of 
speed-change methods is essentially different. 

The graphical form of the relationship ))etween the 
value of the speed (N,, Nj,, . . . N„) and its number 
(1» 2, . . . n) is indicated by the straight lino A in 
l^ig. 71, in which a maximum of 10 speeds has been 
adopted, it being understood that these speeds are all 
obtained by moans of one method of driving. 

To determine whether the series in any case is in 
arithmetical progression, it is only necessary to 
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calculato the differences between consecutive speeds^ 
If they are all equal, or practically so, it may be as- 
sumed that the design of the speed arrangements of 
the.machine was based upon this type of progres- 
sion. 



Fia. 71.— Diaj^Tam of spindle speeds. 

An examination of the three series of speeds given 
in Table II will show that not one of the three is an 
arithmetical series of this type. This, of course, 
follows from the fact that the speed changes are af- 
fected in three ditferent ways, since it is not possible 
to arrange speeds obtained in such a manner in a 
simple arithmetical progression, tli^ugh it is possible 
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to airango them iu a series of arithmetical pio- 
greasions. 

7. Geometrical Speed Progression.— In this pro- 
gression the fundamental principle is that of a con- 
tinuous increase by multiplication, as distinct from 
the addition principle of the preceding pi'ogresaion. 
The ratio of any two consecutive speeds is a ex)nstaut 
quantity throughout the entire range of speeds. 
Thus, if N, - the fii*st spirulle specid, in revolutions 
per minute; N., == the second; N„ -- the last; and 
n - the numl:)er of Bj)eods in the range, we liave 
N 

that -- - -- th(‘ ratio of consecutive or successive 
^1 


speeds (20) 

If we represent this common ratio hy ?•, we tlien 
have the following relationships 

S:-'-’ 

and N.. -N, xr"'i . . . . (22^ 

These are the three jirincipal statements relating 
to geometrical progressions which have any boai’ing 
in this case. 

The graphical fonii of the relationship lietween the 
value of the s})oed (N,, K., , , . N,J and the number 
of the speed (1, 2, . . . w) is indicated in Fig. 71 by 
the curve G. It should be observed, however, that 
the precise shape of the cui vo will dcqxmd, cetc.ru 
paribus^ upon the value of the common ratio (r). 

The determination as to whether the scries in any 
case is a geometrical one or not can be, ettected in at 
least two ways. The tfrst methocl involves the 
deternlination of the actual ratios between consecutive 
speeds and their comparison. If they are all equal. 
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or practically so, it may be safely assumed that the 
series is a regular geometric one upon which the 
design of the speed-change mechanism was based. 

The analysis of the throe series of speeds given in 
Table II, according to this method, gives the follow- 
ing results : — 

tabijE hi. 


CONSECUTIVE SPINDJiE SPEED UATJOS. 
JMducfid from Table IL 


'ryp<* or M.'u'hiini 'IVntl. i 

• 

Lillii*. 

Drilling 

Mncliinu. 

Milling 

Machine. 

• 

j 




Spindle sjKHfls 

1-2 

1-27 

l'S7 

1-20 

ii M 

2-H , 

1-26 

1*24 

1-26 

11 11 

:i-4 ! 

1*25 

1-14 

1-21 

1 11 *1 

4-5 ' 

1-27 

1-20 

1-21 

• .. .. 

5-6 ; 

1-24 

1*21 

1-2S 

1 n M 

6-7 i 

JS6 

M4 

1-2.S 


7— S ! 

1-24 

1-4S 

1-21 


H— 

1*50 (rt) 

1 l•S2(«) 

1-24 (a) 

i 

f 1 M 

{)- -10 i 

1*27 

l-.S'J 

1*22 

y« ’k 

10-11 

1-26 

1'20 

1‘2.S 

1 w 

’t 

11-12 

1-25 

M6 

1-22 

yy yy 

12-is : 

1-28 

MU 

1-21 

f f »i 

is- 14 , 

1-25 

1-20 

i 1-22 

19 99 

14-15 1 

1-.S3 

M6 

1-23 
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These results show plainly that the milling machine 
series is a very regular geometrical progression. * The 
other two series may be de8cril>ed as irregular g<iO- 
metrical progressions, since they follow the general 
9 
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law of the geometrical series but (^utain oiks or two 
abnormalities. 

In big. 72 is shown the fonii of the variations 
which occur in practice in the value of the cousecv.tive 
ratio in a I’ange of speeds. Tins case rejsresonted is 
that of ton speeds (a five- step] ) 0(1 cone pulley with 


NUMBER OF RATIO 

Fk;. 72.— Diagram of conseciitivi* Kpiiullf nilios. 

double back gearj. This method of representing 
the changes shows them up distinctly and enables a 
designer to pick out th(i weak spots in his design. 
On this diagram the straight line AB represents 
the ideal case wherein the value of r is absolutely 
oonstaiat for the same maximum and minimum 
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A woi*d of explanation may be necessary in njgarci 
to the TTitios which are lettered (a) in Table III. 
These ratios are those between the last speed ob- 
tainable with th(; back gearing in and the lij-st speed 
obtainalde witli it out. It will be observed that in 
the case of the lathe the bick-goar .atio does not 
agree with the other oleme.nts in the design of the 
sj)ecd-chang(; arrangements. The back-gear ratio in 
any case depends ii])on the sequence of the speed 
changes. Tn each of tlu* above cases, however, it 
‘may be ex])ressed in terms of the av(Tage ratios of 
consecutive speeds as follows : — 

K- ■ . ■ (23) 

where E ~ the ratios of the product of the numbers 
of teeth in tlie driving wheels in the back-gear train 
to the ju’oduct of the number of teeth in the driven 
wheels in the same. 

Itegarding the value of r, it should be pointed out 
that this can he obtained either by averaging the 
individual consecutive speed ratios, as is shown in 
Table IlI,*or by taking the highest and lowest speeds 
in the series and using the expression 

’■ - -'Vi!; w 

In all ordinary cases the two values so obtained are 
practically identical. 

8. Logarithmic Analysis. — The second method of 
analysing a se.rieb of machine-tool spindle speeds to 
detormiuo whether it is a geometrical ouodor not 
involves the use of ordinary logariUims. 



132 


TESTING OE MACHINE TOOLS 


If WO apply common logarithms to expression (21) 
we obtain the following equation : — 

log = {»» - 1) X log r . . . (25) 

By applying logarithms to expression (22) wo 
obtain that — 

log N„ = log N, + (m - 1) X log r. . (26) 

Each of those two expressions rei)rosents a straight- 
lino law. In the lirst expression, the two variable 


/N \ 

quantities are log j (^ - 1), the value of 

log r for any given geometrical progression boing 
constant. We can, therefore, plot on rectangular 

/N \ 

co-oi-dinato axes the values of log ( ) and (w - 1), 
where n has any integi*al value from 1 upwards. The 
expression j de defined as the spindle- 

speed ratio, by which is to be understood the ratio be 
tween any spindle speed and the lowest one, and not 
consecutive- speed ratio or the ratio })etwoon con- 
secutive * 


he 


3 f the spindll 


/N \ 

speeds. Ilonco, log ( " ) is the logarithm 


shown in Fig. 7 
of this diagram. 


'i-speed ratio. A representative case is 


3, ten spindle speeds forming the basis 
, The line drawn is a fair or average 

graph tough the 

1 IrktTi. ^ 


If logarithmic or logu 
(for the ordinates only) is 


'.rithmically graduated pai)er 

- , vsed, reference to a table of 

logarithms is rendered unnt , 

^ , .. „„:-‘ceB8ary; the result is, 

however, precisely the leamu 

X- 1 *1-8 when ordinary 

squared or sectional pajier is erapi ^ ^ 

If preferred, wo can use the expre^^® 


^ssion (26) in the 
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place of expression (24). In such a case, the cui*ve, 
which wc shall he able to plot, will represent the 
relation between log N„ and (n - 1). Since, how- 
eveiP^ N, and r are assumed to bo constant quantities 
in any given case, the only dilference between this 



Fid. 7;i.— Logarithmic apeed djagniiu. 

result and the above will be in the scale of units 
adopted along the ordinate or y axis. In Fig. 74 the 
above case of ten s])indle speeds is represented in this 
manner, senii-logarithrnic sectional iiaper being 
used. 

From either of these curves the^valuc of r which 
operates throughout the entire series can he de« 
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I ' 

teriniiKjJ. The logiu iiihin of this ratio is equal to the 
taiig(uit of the angle of inclination of the gi-aph to 
the linti of abscissae or the ,p axis. This angle is 
indicated in I’igs. 75 and 70, which repres(!nt the two 
alx)ve cases res})cctively ; it is lettenjd 0. The 
explanation of this may he given as follows : — 



Fk;. 74.--AUonmtive form of loK»nitliiiiie spcotl iliuKMani. 


Consider the two expressions (24) and (25). By 
transposition, these l)ecorn^3 resj)ectively — 
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and log r — ^i) 

(» - J) • 


1 

(28) 


An oxciraination of each of ihe diagrams in Figs. 7«0 
and^7(i will show that, in llie case of Lhu first— 


1 

‘“«n; 

-tand .... (29) 



J')ia‘'nim illu.strntin« lo^iirithiitir' .^^icod eouipiitiitinn. 


tan 0. 


(30) 


and in the case of tluj second — 

(log N„ - log N,; 

(n - 1) 

Therefore, in each (jase, we have that— 

log r = tan 0. (31) 

The relative magnitudes of the local varii^liions in 
the whole series from a true*- geon^^triciil progression 
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I 

can be readily determined by noting the extent to 
which the various points plotted on the diagram lie 
off the average line which is drawn through the 
points. As far as possible this line should pass 
through the two terminal points, as is indicated in 
Figs. 73 and 74. 



Pig. li\. — Dia^rmni iiluHtniting logarithniin Rpeed nomputation. 

9. Harmonical Speed Progression.— This form of 
progression is generally regarded as being the inver- 
sion of the arithmetical form of progression, since 
the difference between thS rc^ciprocals of consecutive 
speeds, in the series is a constant quantity. Thus, 
using the symbols ado))ted in connection with the 
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discussion of arithmetical speed progressions, we 
have that - } = h . . . . (32) 

Nj N._, 

The quantity k may be defined as the common 
reciprocal speed diirercnce of the series, and if we 
take the sum of all these common reciprocal speed 
differences throughout the whole series we obtain 
this relationship — 

. i - 1 = 

from which, by suitalile tiunsposition, are derived the 
following (jxpressioiis : — 


- 


N. 


1 _ (n - JJ h 
and;^-= N„-N, 


(34) 

(35) 


NjN. (« - 1) 

These are tlio four principal statements relating to 
l^rmonical speed progressions. The value of h is 
invariably a comparatively small fraction, whereas 
the arithmetical common diffei’euce is invariably a 
number much greater than unity, whilst the con- 
secutive spiiod ratio of the geometrical progression 
usually lies between 1*1 and 2*0, though in the 
majority of cases the range is much less, being only 
from 1*20 to 1*50. 

The graphical form of the relationship between the 
value of the speed (N,, N„, . . . N„) and the 
number of the speed (i, 2, . . . 7i) is represented in 
Fig. 71 by the dotted curve H. It should be ob- 
served here that the exact shape of the curve is wery 
definite, given fixed maximum and minimum yalues 
• of the speed and a fixed numl)er of speeds. Even if 
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I 

the latter number is chanj^^od only, the shap(5 of the 
curve is alttM*ecl. 

This ligure illustrates in a voiy iiiterosLing manner 
the way in which the three regular speed progressions 
dilTer. 

To dfitermine whether the speed series in any case 
is a harmonieal one or not, it is necessary (uther to 
calculate the individual values of k (the reciprocal 
difference) and compare these with one another, or 
to calculate the value of k for the whole series by 
means of expression (3/)) and use this in expressio/i 
(34) to calculate the intermediate speed valiums which 
would occur if the series were a harmonieal one, 
comparing these with the actual speed values which 
obtain. 

10. General Note. — In the majority of cases where 
any attempt is made to base the design of the 
speed arrangements upon a scjientilic basis, the pro- 
gression selected is of the geometrical form, though 
in one or two cases the arithmetical or harmonieal 
form is adopted. 

Their chief comparative feature is this: in an 
arithmetical speed progression of the simple form the 
arithmetical differenww are e(^ual ; in a geometrical 
speed progression they are gradually and regularly 
increased as the speed is raised ; whilst in a simple 
harmonieal speed progression they are increased but 
much more rapidly than in the second case. In 
other words, the ratio t)etween the last and first 
arithmeticiil differorices js greatest in a simple har- 
moifical speed progression and least in a simple 
anthmetical speed progitission, assuming these to 
operate between the same limiting speeds and with 
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the same number of speeds. The (JOiTes))Ofiding 
ratio in a fjoorneirical spet'd progi’ession is inter- 
mediaie to the above. 

Whciu the speed chan^'es are eiL'cted by a com- 
bination of methods it is, howevtir, not possible to 
make use of a simple arithmetical or harmoiiical 
progression ; hut a simple geometrical progression 
can be used in such a case. 

liKCTiLrNEAjt Steed Tests. 

1. Speed Counters and Indicators.— Any of the 
above forms of surface speed counters and indicators 
can be used to d(!termine the speeds which are con- 
nected with rectilinear reciprocating motions, such as 
'the motion of a plafiing machine table or that of a 
shaping machine ram. When an ordinary counter 
is used, it is the average sjyecd spread over a certain 
(usually short) period of time which is obtained. 
With an ordinary indicator such as a speedometer or 
cut meter, it is the instantaneous 8j)eed which is given. 
Where, however, very ra})id change's of speed occur, as 
they do at the beginning and end of the sti oke of the 
moving elelhent of a planing or shaping machine, it is 
practically im})Ossible to determine the manner and 
extent of sucli changes by means of any of thesso in- 
struments. This is due, principally, to the fact that 
these changes occur in a very short space of time (in 
some cases, considerably less than a second), and, 
secondarily, to the power of the eye to letain visual 
impressions for short periods of time, the effect of 
this being to render it imj)os3ible to relate the cbjingos 
of position of a moving noodle or i)ointC!r to a* dura- 
tion of time. 
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When it is desired to know how the speed in such 
a case changes, it is necessary to have recourse to 
some form of autographic or selt-recording instrument, 
suitably designed for this kind of work, so thot the 
need for instantaneous observation is dispensed with, 
a curve or graph being obtained from which both the 
instantaneous and average speeds can be readily 
computed. 

There are several ways in which such an instru- 
ment can l)e designed. In one design, due to the 
author, the motion of the indicating pencil or style is 
obtained by means of positive gearing from the I'e- 
ciprocating element, the motion of the pencil being a 
reduced facsiinUe of that of the table or ram under 
test. In one form the motion oi the pencil Is con- 
trolled by a square threaded screw and nut, the pen- 
cil being attached to the latter and constrained by a 
guide to move in a straight line. The pencil works 
on a sheet or ribbon of paper, the motion of this beii^g 
at right angles to the motion of the pencil and con- 
trolled by a clockwork mechanism which maintains 
the motion uniform. The screw receives its motion 
from the reciprocating table or ram through the 
medium of toothed gearing, as is shown in Fig. 77. 
The first element in this gearing is a specially made 
rack which is secured directly to the table or ram in 
a position parallel to the direction of motion. This 
rack drives a pinion and a train of spur gear wheels 
which terminates in the wheel on the screw. In this 
instrument all the movii^ parts are hardened and 
corrected fur distortion in the hardening process so 
as to be able to resist wear and eliminate back lash 
as much as possible. 
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In another form of indicator for this kind of work, 
the motion of the pencil or style over the paper is 
controlled by an inextensible cord and helical or 
coilcf spring. The cord receives its motion directly 
from the table through the medium of a number of 
reducing pulley-combinations, as showu in Fig. 78. 
These combinations are connected together by inox- 
tonsible cords, the largo pulley of the hrst combi- 
nation l)eing driven from the table, P. The number 



r'lo. 77. — I)iM^'raIn uf^oAriugof iiistninient for obtsining travel- 
time ci^'vet) from rectiliuoar I’eciprocaling motionK. 

of combiuatious required is determined by the reduc- 
ing power of each and the total reduction required. 
It will bo seen that the small pulley of the last com- 
bination carries the pencil cord, P. To keep the 
cords always taut, the pulleys are provided with- in- 
ternal springs. 

The form of the graph obtained with this instru- 
ment is precisely the same as that which is obtained 
'with the other form of indicator. 

The electro-magnetic principle ii also capable oi 
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' application in connection with the design of rectilinear 
tachogi’aphs, but up to the present time no instrument 
embodying this principle has, to the knowledge of 
the author, been constructed. The graph which 
Avould be obtained from such an instrument would be 
one involving the instantaneous liriear speed and the 
time, and as such would be much easier to analyse 
than the curves whicli are obtained from instruments 
of the first variety, these involving the travel of the 
table or ram and thti time. 
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2. Tests. — The form of the curve which the al)OVO 
instruments produce is indicated in I’ig. 79. The 
point 0 7’ej)rosents the beginning of the jiowcr or 
cutting stioko of the table or ram of tHe. machine. 
The distance that the table oi‘ ram travels fiom tliis 
point is set off automatically on the line of ordinates, 
the point T representing the end of the stroke. The 
duration of the stroke is set off automatically on the 
lino* of abscissae, the distauce'OP on that line repre- 
senting tb(3 time occupied by th(i table in moving 
through tliis forward strokt'. The distance PR re- 
presents the time taken by the tabh; to make the I'e- 
turn stroke, tho iK)iiit R coinciding with the point 0 
of the curve representing the next cycle of strokes. 
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In all machine tools in which n^ciprocating motion 
is employed, the return stroke (unless a double cut- 
ting mechanism is embodied in the design of the 
machjno — which is rar(5) is a non-productive stroke. 
Hence, to reduce its non-productiveness, the average 



1 Kj. 7!>. -Travfl'tiiiin curve for pbiiiiiij? iiuichliie. 


speed during this stroke is higher than that of the 
forward stroke, the ratio of average speeds varying 
from ]-5 to 6. Consequently, the time occupied in 
making the return stroke is less than that occupied 
in making the forward stroke in exactly the same 
ratio. In the case, represented in the figure, iho 
value of this ratio is 3 ; that is, OJ* = 3 x PE. • 

An examination of this curve will show th»t the 
distances moved through in equal periods of time are 
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not equal, either during the time OP or during the 
time PR. This, of course, indicates roughly that the 
speed is not a constant quantity during either the 
forward or the return stroke. This is a result whicli 
can bo obtained by direct observation, since at the 
beginning of each stroke the speed has to be increased 



Fi<i. HO. — Spco<1-tinii> curve for planing; lUHchiiic. 


from ;^ro to a maximum, and at the end it has to be 
reduced from a maximum to zero, these l)eing opera- 
tiops which cannot be performed without varying the 
speed by accelerating or retarding the motion. 

3. Speed Determinations.— The relationship be- 
tween the instantaneous speed and the time for the 
corapipte cycle is indiceited graphically in Fig. 80. 
This diagram is jderived fr<?m the preceding travel- 
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time curve. This derivation can be accomplished by 
either of two methods. In the first method, the time 
base is divided into a number of equal parts represent- 
ing equal timcjs. Th(‘ distance travelled during each 
of those times is obtained by setting up '>idinatcs and 
drawing horizontal lines f)*om the points of intersec* 
tiori of thest! ordinates and the curve, as is shown 
in Pig. 81. ]^ach distanc(5 is proportional to the 



Fig. 81.— tnivel-tiinc curvf. aiul ilerivcil Kpwjd- 
tuiHJ enrve. 

averag(j speed during its interval of time, the actual 
value of this S}Xjed being tlie ratio of these quantities. 
It is assumed that this avemge spe,ed occurs jit 
least one instant in the intei-val of time, namely the 
middle instant, so that Iwtweon the bounding ordin- 
ates of the time interval another ordinate — torm^ a 
mid-ordinate — is set up, and on this line the corre- 
sponding averngo spcied value is sot oil. The curve 
drawn through the points so obtaineJ is a sptjed-time « 
10 
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curve, and it indicates graphically th(j relation between 
the instantaneous spe(jd and the lime. This process 
which id illustrated in Fig. 81 is only approximate 
from the theoretical point of view, though practically 
in all ordinary cases it gives results which are both 
reliable and satisfactory. 

The fundamental princi})le of the second method is 
indicated in Fig. 82. In this figure the cuive shown is 



Pio. H*i. PundRiueiitiil tnivel-tiino curve. 


a travel- time curve. We will suppose that wo wish 
to know the instantaneous speed which corresponds 
to the ix>int Z on the curve, and therefore to the 
time from the starting point. The correspond- 
ing travel from the starting point is OZ,. Let us 
take any two points .\fand B on the two sides of Z 
on the curve as shown. Then the average spe(4 

is equal to W we do not know exactly^ 
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where this occurs, though, if the curve wore a 
straight line, it would occur at every point in it. 
Imagine the points A and B brought closer and closer 
together on the curve until they are both in contact 
with the point Z, one on each side. Then, since 
points are regarded as being of no finite dimensions, 
we may assume that the three points arc in the same 
straight lino. This straight line is called the tangent 
to the curve at the jwint Z. This is a geometrical 
• concept, in the figure it is the line XZY, in which 
i and Y are any points whatsoever. The instan- 
taneous speed at the point Z is the average speed 
which would occur if the curve were identical with 
the tangent XZY. But the value of this latter speed 
*i8 determined by tife tangent (trigonometrical ratio) 
of the angle which the geometrical tangent XZY 

X Y 

makes with the horizontal. This equals •-1. 

^11 ^11 

T!ierefore, the instantaneous speed at Z, Zj, and Z^^ 
also equals this. If wc make Y^, equal to unity, 
then the instantaneous spewed equals X^ Y^. Hence, 
the positioii of the point representing the speed at Z 
is obtainf>d Ry setting off the distance X^ Y^ on the 
ordinate Z^j Z from Zjj. 

This indicates the principle of this method, which 
involves the selecting of a series of points in the travel- 
time curve, the drawing of the geometrictU tangents 
to the curves at these points, the construction of ri^t- 
angled triangles about these tangents with unit bases, 
and the setting off of lengths equal to the heights of 
|he triangles on the ordinates which pass through* the 
selected points from the line of absci^m. * 
Beferring again to Fig. 80, it will*be seen that the^ 
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maximum forward speed is much less than the maxi- 


OA 

mum return speed, the ratio being -- and its value 

OB 


about 1 to X Furthermore, it will 1x3 noticed the 
lime occupied in accelerating the motion of the table 
in the forwai*d stroke is much gi*eater than the cor- 
responding perifxl of retardation, whilst in the case 



Eici. sa.— Speed -travel eiir\(*K for planing' inHcliiiie. 


of the return stroke the two coiTOS]:)onding periods 
are of about the same duration. 

Jn Fig. 83 is shown the graphical relationship be- 
tween the instantaneo\jp speed of tli(3 tabic or ram 
and*its tnwel from the starting point. It is derive^ 
in exactly the same way as is the cuiwe given in Fig. ^ 
80, though in thfa case the travel of the table is taken 
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as the other co-ordinate instead of the time. That 
is, the ordinates of the fundamental cuitc in Fig. 79 
are taken in place of the ahacissie in the, formation 
of the new curve. The si)e(jds OA and OB are 
identical with th(i sj)eeds OA and OB in I’ig. HO. 

In this curve are shown the distances of acceler- 
atioJi and I'etardation in the travel of the table as 
distinct from acceleration and jetardation jioriods as 
given in Pig. HO. 

• • The averag(5 speed for each of the strokes, and also 
tf)r the cycle, ciin Ikj njadily ohtairujd by dividing the 
trav(‘l of the taljle or ram hy the duration of the 
stroke, or (!ycle. Th(5se quantities can also he ob- 
tained by suitably averaging (by any one of tlu', s(5V(5nil 
'methods available ) *1110 whole diagram or the parts 
thej'oof given in I’lg. HO. 

J^owKit Pkkd Tests. 

• The feed (whether power or hand-actuated) of a 
machine-tool is th(j movement of the cutting tool 
w'ith ros])t‘ct to the woj k, or vice versa, which enables 
the forme to wtirk over the surface of the latter. It 
is in e'jpcjct^’e of the depth of the cut, and it is also 
distinct from the speed, its value being, in all cases, 
much less than that of the S|)e(.‘d, 

In the majority of machine-tools (such as lathes 
and planing and drilling machines) the direction* of 
the feed movement is normal to that of the speed 
movement, and in only one or tw^o cases, such as 
certain forms of milling and grinding, aio the two 
motions even a})proxiuiately pjii alJel. 

1. Definitions of Feed, There aft! two 

ways of stating the feed of a lath(»?ool with respect 
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to the work. The first way is to state it in terms of 
the travel of the tool per revolution of the spindle ; 
this may be called the linojir feed. It is always a 
distance, and in the vast majority of cases it is loss 
than one inch or one centimetre )>or revolution of the 
spindle. The second way is to state it in terms of 
the number of i-evolutions of the sjjiudle required for 
each inch tmverse of the tool ; this may be termed 
the rotational feed. Tt is always a number, and in 
the Greater number of cases this is gi*oater than unitj'. * 
These two feeds are reciprocals, as the following 
consid(jrations will show, fjot F, and F,, be the two 
feeds i*espectively : T the traverse advance of the 
tool in inches in any given time ; and N the numljor 
of rtwolutions made by the spindle and work in the 

( 36 ) 

I 

( 37 ; 

( 38 ) 

( 39 ) 

'Drilling Madiiim , — The ordinary feed of a drill- 
ing machine can also be stated in two ways these 
being identical with the#bove. The linear feed is the 
axidl or longitudinal movement of the drill spindlp 
per # evolution of itself; the rotational feed is the 
number of revolutions that the spindle makes per 


same tunc. Then- 
T 


I’.. = 


But, 

Thei'cfore, 

and 


N ’ 

1 

N' 

T 

N 
T’ 
1 

F, 

F.. X F, = J . 


F, = 

F..= 
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inch of longitudinal movement. They are reciprocals* 
the first being a distance and the second a number. 

In addition to the above, there is the feed which 
is related directly to the unit of time. It is defined 
as the longitudinal or axial movement or traverse of 
the drill i)er minute, and as such is dependent upon 
the ordinary feed and the speed of I'otation of the 
diill, as the following considerations will indicate. 
Let IV Vr be the linear and rotational feeds re- 
spectively ; the feed in inches jxt minute — this 
may be termed the unit- time feed ; N the number of 
revolutions made by th(! drill spindle in any given 
time ; T the total axial movement or traverse of the 
drill in inches in tlu^ same time ; and M the given 


time in minutes. • Thon- 
T 

M* 


- 


(40) 


N 

But, T - N X and (from expressions (»36) and 
I • Is* 


(37)): 

therefore : — 


F,„ 


N X F, 

• M 


n X F„ 


(41) 


and also F,„ 


N ^ 

M X F, F/ 


(42) 


the symbol w in each of these expressions represent- 
ing the rotational speed of the drill spindle ip re- 
volutions per minute. , 

Mining Machine . — In connection with the opera- 
tions of this machine there are three different feeds. 
The first is the feed movement per cutter tootli and 
may be termed the linear tooth feed ; this .is a very 
small distance and varies is m^iitude from 0 0003 



TESTING OF MA(JHJN]i TOOLS 


ir)2 


‘ ia. to 0'04()0 in. The second is the feed movement 
per revolution of the cutter and may he termed the 
linear cutter feed ; this also is a small distance. 

The third is the food mov(‘ment j)er minute ^and 
may he described as the uiiit4im(i fei»d ; this has the 
largest valu(‘ of the three. TIkj relations l)etw(5en 
these are given in the following considerations of the 
case. L(!t T/ he the linear tooth fe(‘d in inches per 
tooth ; h\ the linear cutter feed in iiuihes ])er revolu- 
tion ; the feed in inches ])er minute; n th(\ 
rotational sjxied of the cutter in j-evoliiiions per* 
miiuiU; ; and C the nunilxjr of teeth in the cutler, 
these being assiimetl to ho evenly spaced, 'rheii ; — 
i'\., - \\ X ?/. . . . m) 

V, ■- \\ X (J ... . (41) 

and F„, F, x // x (■ . . . '(4.0) 

In some cases, instead of th(< lin(‘ar cutter feed in 
inch(‘S j)er i*evolution, it is the loUitional eutt(?r feed 
in revolutions per inch of travel which is.givon.< 
Obviously, these aiti recii)rocald. It is much simpler, 
however, to have to deal with thiee fe(‘(ls, as al)ov<‘, 
whiclj are of the same general ty|;e. In using this 
rotational cutler feed in connection with e:(piessions 
(411) and (44), it is necessary to invert it in oixler to 
obtain its recij>rocal F,.- 

(hindivff Mach i mm . — The feeds in this case are 
(1) the fetnl movement per revolution of the grinding 
wheel; (2) the feed moveiiK'ut jjer revolution of the 
work (when? any exists as in the case of circular or 
cylindrical grinding) ; and ^^1) the fetiiJ movement per 
mmuta The relation hetween feeds (1) and (3) has 
already , been given in expression (43). A similar 
expression represehjts the relation hetween fetjds (2) 
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and (3). Between feeds (I)»aiid (2) the relationship 
is a variable one, the ratio of those foods heinf; equal 
to the inverse ratio of the rotational sj)eedR of the 
two elenuuits. 

rianimj and Shapintf Marhiiwa . — Theie are only 
two feeds in this case. They are (I) th(‘ normal 
feed in inches j)er cutting stroke, and (2) the unit- 
time feed in inches jier minute. The relation be- 
tween the two is a siniple one, as is indicated in the 
following considerjitions. L(!t -- the feed per 
(^fitting stroke in inches: the food in inches per 

minute ; and S the number of (iutting strokes made 
])er ininute. Then we have that — 

1^’,., -- X S. . . (40) 

Clear C'nllbaj and l/vOhinij Marhinas. — The feeds 
which*are operative on machines of tliis type depend 
Uf)on th(j d(4ails of their design and the; principle 
which und(ulies their OjH*mtion. In some cases of 
8]iur-gea« cutting, tlie {(‘eds are identical with those 
which exist in the case of milling niachint;s. In 
other castJK, the tliree princi})al feeds ai e : (1) the 
lend per . ■ volution of the gear-wheel blank, in 
inches. (2) •the feed jior tooth foinied in the gear- 
W'heel blank, also in inches; and (3) the feed in 
inches per minute. The icilations helw'etm these 
three feeds are as follows: — ■ 

y.. -- F, X (i . . (4f) 

^ F, X . . . (48) 

and F„, F, X (j XU, . (49) 

where F, repnisents the tooth fe-CKl, in inches })or 
tooth ; F,, th(! blank feed, in inches ptT revoliiticm of 
the blank; F„, the feed in inches j>er minute; G 
*tbe numlwr of teeth to be cut in tlxp blank ; and 
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n the rotational speed , of the blank, in revolutions 
per minutt;. The values of F,, F,„ and F,„ are all 
comparatively small in such cases, and the value of 
n is related directly to the number of teetth to bo cut 
in the blank, the number of threads on the bobbing 
cutter, and the rotational speed of the cutter. The 
ndationshi]) between these four latter (juantities can 
be expressed in the following equation : — 

n^\, . . (50) 


whei*e represents the rotational speed of the 
bobbing cutter, in revolutions })or minute; H the 
number of separaUi thi'eads on thc' cutter ; and n and 
G have the meanings given to them above. 

2. Tests. — Tn the experimei Ul dc^termination of 
machine-tool ftastls — whatev(5r their deftnitioh — it is 
necessary to know at hiast two quantities ; a distance 
and a number of revolutions, a i'otational speed, or 
an interval of time. • 

In such tests distances can bo obtained by taking 
measuremcints between scril)od marks which indicate 
the two positions of a fixed point on the sliding 
element corresponding to the initial alid final test 
positions of the latter. Or they can be obtained by 
making use of fixed test pins and an outside micro- 
meter gauge, as in the case of the tests on lead and 
feed screws, one test pin being secured to a fixed 
part of the machine, such as the lx$d or knee, and 
the other to the sliding element, such as the slide 
rest, table, or s])indle, ^Thc latter method is capalde 
of giving the more accurate results, though the per- 
centage error which naturally occurs in the case of 
the first methdi can he substantially reduced by pro- 
longing the test and making the distonce greater.* 
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On machines, such as wpright or pillar drilling 
machines with graduated spindles and horizon tal- 
spindle rriilling machines with micrometer-dial feed 
screjws, it is, of course, a comj)aratively easy matter 
to measure feed distances with a reasonable degree 
of accuracy. 

3. Test ResultSi — There appears to he ahiindant 
reason for the arrangement of machine-tool power 
feeds (of the linear typef and not the rotational) in 
•geometncal progression, and this irrespective of the 
*number of feeds in the range. In practice, however, 
machine-tool power feeds ai-e arranged in regular 
arithmetical, geometrical, and harmonical progres- 
sions as well as in series which are more or less 
irregular and follaw no fixed law. 

Lathet ». — Jn Table TV is given a series of eight 
feeds tak(jn from an experimental lathe: — 


TABLE IV. 
LATHE FEED SERIES. 



— 

- ■ — 

No. ol' Feed. 

Feed, in Indies jHjr 
Uevolution of Spiiulh*. 

Ilatio of Conseeiitive 
Feeds. 

• 



i 

1 * " * 

1-47 

2 

0-025 1 

1-30 

3 

0 - 034 ! 

1-47 

4 

0-050 1 

0-080 [ 

i-r»o 

n 

1-50 

(i 

012o| 

OHi?! 

1-40 • 

7 

l-5(f 

• 

H 

• 

0-250^ ' 
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From the list of ratioii of eoiisccutivt! feeds it will 
he stKJii that this seri(;s is what may he termed, for 
want of a hett(‘r description, an irre{j;ular geometrical 
progression. The average ratio of ])rogrossion is 
1*47, and the extrem<5 values are I'^liand 1 ■GO, these 
showing 2 )ercentag<‘ dilTeixjnces of T'O and H‘8 per 
cent res[»ectively. 

On a smaller lathe with only four- power feeds it 
was foimd that these weir as follows: (1) in.; 
(2) in. : (!1) in. ; and (4) in. j>er rtwolution of 
th<i s^iindhi. An examination of this series will show' 
that its terms arc? in liarmonical pvogrc'ssion, since 
12, 24, and 48 are in arithnn'tical progrt‘Ssion. 

In aiK)th(*r case, the foiii* feeds of a small latlu? 
were found to he GOonh, O'OfjTO. 0f)2o0, and 
()-01()7 in. per revolution of the spindle. If these 
values are analysed it will he seen that they are 
practi(!Hlly in a regular g<‘Om<*trical jirogression, the 
average latio of progression being 1 oO. 

DriHiUfi Marhinc . — In Tahh* V are given the 
eight jjower-feed values of a high-sjieed experimental 
drilling machine. 

A perusal ol this list of feeds will .shoW that this 
series also is a slightly irregular geomt'tric one, the 
average ratio of progression h(?ing 1*48 as against 
1-47 for the ahov(5 case. Jii iliis ease? the two ex- 
trewe parentage dilhirences compaied with this 
valujd are U o and 12*8 pei- e,ent res[iectively. These 
figures show that this series is more irrcjgular than 
the eight- feed lathe series dt*alt with aliove. 

fec*d motions of lathes 
and drilling machines aic almost invariiihly derived 
from the work oti drill driving spindle, so that to 
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Eilter the feed it nccessilry in all such cases to 
make the change in ilie feed-chang(i mechanism, 
since any change; in the spindh; speed alh^cis equally 
Lho liiiit-time; feed (tliat is, the; Iraverso advance per 
minute). In other words, there is a definite, fixed 
relation between the spindli; motion and the feed 
motion (if all question of belt-slip, where a feed- 
drive; belt is used, is neglected), and the linear feed 
cannot be changed by altering the speed. 

TABLE V. 

DKIbblNa MAClirNE EKED SEUIKS. 


No. of 

Ft'fd, in Iin:lu‘.s pir l!cv<»lu* 

Kulio i>t' I loiiM-i'iiLivn 

Kc«m!. 

lion (ff 


• 

1 

; o*oos;i 1 

l-r>l 

2 

i 

jO-ODriol 

ooor.?! 

1*34 

H 

1*40 

■i 

' 0-0100 j 

1-07 


|o-»]07| 

l-r>o 

(i 

j O-O-J-K) ! 

1 .... 

1-.34 

7 

! 0-0;JSt] 

■;0'0ri00^ i 

1-50 

8 

i 


On some designs of milling machine this condition 
holds also, and the only elTect on the feed when the 
spindle speed is changed is to alter the uni^time 
feed, the linear feed per revolution and thep linear 
feed per tooth remaining unchangeJ. Jn such cases, 
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the number of unit-timt feeds possible is equal to 
the product of the number of available spindle speeds 
and the number of available linear cuttei’ feeds ; or 

a* = ?/ X 2 . . . '(51) 

where x = the number of unit-time f(;eds ; y the 
number of spindle speeds available ; and z the 
number of available linear cutter feeds. 

In coutm- distinction to .-the above, some milling 
machines are so designed that the feed motion is 
derived quite independently of the sj)eed motion, 
cither from the same countOT-shaft or from an inde- 
pendent countershaft or motor. Jn such cases, the 
number of unit-time feeds available is liraihtd, this 
depending upon the design ofn the feed-change ' 
mechanism, and the number of linear cutter 'feeds 
possible is equal to the product of the number of 
available spindle speeds and the numl)er of available 
unit-time feeds ; or . . 

2 ~ .r X // . . . (52) 

where y, and z have the meanings ascribed to 
them in connection with expression (51). „ 

In the case of the first ty^xj of milling machine 
the feeds which are experimentally determined are 
the linear cutter feeds, that is, the feeds in inches 
per revolution of the cutter spindle. In the case of 
the second type the feeds dealt with experimentally 
are the unit-time feeds, that is, the feeds in inches 
per minute. 

In Table VI are given %he twelve unit- time power 
feeds of a modern horizontal-spindle milling machine 
of the second type. 
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TABLE* VI. 

MILLING MACHINE FEED SERIES. 


hulppandent Feed Drive. 


— 

, 


No. of Feud 

I Fowl, in liiidies jh*!- 

llidio of (%nis(‘(‘iitive 

MiiiuU). 

Fewis. 

— 

1 

• 

--- 

1 

0*50 1 



, O-Gsl 

i 1 • * * 

1-30 

• 2 


» 

1-29 

1 0-H4) 

j . 

1-37 

4 

i-ir>| 

1-51 )• 

i ‘ * 

n-31 


5 

1-35 

• 

G 

2-OGI 

1-2G 


i 2-60) 

7 


» • 

} • • • 

1-31 

S 

! 3*3ri) 

1 J * * ' 

j--}. . . 

1-35 

G 

1-JW 


10 

• 


1-31 

11 

7-72) 

j . . . 

1-35 

12 

10 40) 



i ’ ' ' 



These feeds have been plotted against their respec- 
tive numbers to form the curve given in Fig. 84. The 
curve is a fair one through the points as actually 
plotted, and it will be seen that all the points lie 
fairly evenly on the curve. This iudicatos that, 
whatever the nature of the law pt the progression 




NUMBER OF FEED 

TiO. H4.- -KfHl ciirvi*. 


viirylLg only from 1-2G to I -37, and givi.if- an average 
value of 1 '32. We may, therefore, assume that the 
series is of this type. TJuit it is not either an arith- 
meticiJ i)rogression or a harmonical one will be plainly 
evident Irorn even only a cursor}' examination of 
t e series. The, extent of the variations in the 
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value of the ratio of coufv^cutive speeds can be 
shown graphically by means of a diagram of the 
form of Fig. 72. 

On the particular machine in questio?» it was 
found that the spindle speeds ranged from 13 to 
4G7 revolutions per ininiit(^, the number of speeds 
Ixiing 1 G and the average ratio of consecutive speeds 
1 *27. By moans of these figures we can obtain the 
maximum and minimum linear cutter feeds. These 
0*80 and 0 00 107 in. per revolution of the cutter 
r^pectively. 

Concerning the manner in which the linear cutter 
feed changes in such cases as this, it can ho readily 
demonstrated that, if the unit-time feed and the 
%pindle-S[)eed progittssions are regular geometrical 
ones \<flth the same ratio of progression or succession, 
the linear cutter feed series is also a geometrical 
one with the same succession ratio. 

•Thus, wc have in this case that — 

F„, = Fx/-i . . (53) 

where F,„ is /th unit-time feed, F the lowest unit- 
time feed, and r ^ the ratio of progression or suc- 
cession. Afso — 

N . • • (54) 

where N„ is the ^tth speed, is the highest spoej, 
and g the number of tesrms iu the sjKJed series. 
Then— 


■p _ L = F X r'' " (55) 

whore Fj — the lowest linear cutter feed. Since I 
*and n may have any integral valp6s within their 
11 
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respeotivo ranges, and j/^has a fixed value in any one 
case, it follows that the linear-cutter feed series is a 
geometrical progression. When the two ratios are 
nearly equal, the departun? from a true geometrical 
progression is very slight indeed. 



CJIArTKli IV. 


irA(^JllNK-T()()I. MKCJIANK'Ai. Kri-'Kill'lNCV TKSTS. 

« 

W tlio oxprossion “ iriec^bariical efiicitmcy ” is moant 
h« ratio Ijetwcwin tho amount of mechanical energy 
irhich is usefully employed in a machine in a given 
imc; and that amount of the energy wliich is sup- 
died to it in tho same time. In a machine-tool 
he two essential nif^voments are those, which pro- 
'ide thft cutting speed and tho feed, and tho energy 
vhioh is usefully einpIoy(Ml in such a case is absorbed 
II overcoming the resistances to the cutting-speed 
Qpvemet^ji and those to the feed movement, irre- 
pective of the conditions which obtain in regard to 
he id(*ntity of the elements of the machine to which 
hese two movements are individually or collectively 
^ven. • 

1. Input Determinations.— The determination of 
tho amount of input e»\ergy commuuicated to a 
machine-tool (or one part of it only), or tho input 
power, can be made in at hsist three dilTerent waya 
These are (1) tho electric motor method, (2) the 
transmission dynamometer method, and (3) the 
cradle dynamometer. 

Electric Motor Method ~ - In method an electric 

motor is the power-supplying element. It is mioes- 
%ary in every case to know the eJHfciency of this 
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machine, since the output of this is the input of the 
machine-tool. In detennining this efliciency the 
input must he given ))y means of a wattmotor in 
the cas(? of an alternating current machine in order 
to eliminat(5 the influence of the power-factoi ; whilst 



Fig. h 5. — SiinpU' J’mny biukc. 


in the case of a direct-current inachi.ie either a 
wattmeter or a voltttieter and ammeter may he us<jd. 

This input is givcui in watts of chicti ical jiower. 
It is converted into hoi*S(^-power by means of the 
following expression : — 

Input Horse Poww = • . (00) 

When, with direct cui;j’ent8, a voltmeter and am- 
metjr are used together, the wattage equals the 
product of the readings of the two instruments. 

The output of, the motor, or the motor or 
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O.TI.P., is usually experimentally determined by 
means of a friction brake, thouj^h there ai’e also 
special quasi-electrical inetluHls in use in connection 
wiib anch work. 

A simple form of this type of biukcs usually known 
as the Prouy brake, is r(ipri5sentt‘d in k’iK- The 
frictional w^sistance is set up sit the rim of th(‘ driving]! 
pulley of the motor, or a specially fitted biaki? dium 
(preferably water-cooled), thVouf'h the medium of two 
•Idticks of hard wood which art; prcsstnl on the pulley 
or drum by means of the nuts shown. The in- 
fluence of the friidional resistance* is resisted hy 
a pillar, P, upon which rests tin* arm, A, ol the 
brake. This pillar rests on the platform of a weif?h- 
m^,' mf^hino, on whfch the downwaiil foice (some- 
linuis called the load ”) is nieasur(‘d. The IIILP. 
or O.H.J*. is ealenlated by means of the followiiij4 
formula: — 

L X N X \V 
5252 " ‘ 


Jl.TL?. or O.H.P. - 


( 57 ) 


where h ~ the leni^h of the arm, as indicated in the 
fifpire and measured in feet ; N = the number of re- 
volutions of the armature shaft per minute ; and W == 
the net load j'egistered on the weighing machine. 

Tn regard to the obtainmont of W, it should he 
observed that when there is no rotation and the brake 
is ftt^e on the pulley or drum there is a compomnit 
of the weight of the brake exerted on P and the 
platform of the weighing machine. This should 
always he allowed for by suhtmetion from the gmss 
value of W, though it is a point which in many wises 
overlooked. 

• This is practically the simplest fofm of brake or 
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absorption dynarnomefor. It is posslblo, however, 
to apply in this case any other form, such as the 
rope brake, and obtain practically the same results. 


In desif'ninj; a Prony brake drum, the digi-meter 



and width of the rim should be such that at least 
0*12 square foot of rim surface is allowed per horse 
power absorbed. 

^n making the test the electrical meter i*eadings 
shocld be taken at the same time as the brake load 
and speed determinations. 


MACHINE-TOOL EEKICIENCY TESTS 1G7 


The elhciency of the rao^r in any given case is 
determined as follows : — 


Motor J'ltliciency = 


Jh'ake Horse Powei* 
Jnj>ut lloj-se Power 


or »/ == 


B.U.P. 

LH.P. 


(58) 

(59) 


The fundamental ].>rinciplo of this method is the 
determination of the machine-tool input power by 
multiplying the motor input power by the efficiency 
pf the motor. To bo able to do this for a range of 
{lowers it is noccssaiy to have either a tal)l(‘ of motor 
efficiencies or, be.tter still, a cui*ve of motor efficiencies 
with either the injiut power values or the output or 
load powi‘r values as abscissa*. If the motor is a 
varialile speed moWr, then this should he done for a 
number of speeds, though it will he generally found 
that the speed in the case of a variable spi'ed con- 
liriuous-curi’eiit motor has not a very marked in- 
dluencei on the overall motor efficiency. This is 
shown in Fig. 86, which represents the case of a 
40 fl.H.P. shunt wound motor providi*d with series 
inter-poles, the speed variation being effected hy 
means of* a rheostat inserted in the field-winding 
circuit. 

Knowing the moloi* efficiency for any given set of 
conditions, we obtain the machine-tool input jiower 
by using expression (59) in the following form 

Machine-tool ^ Motor J.H.P. x rf . .(GO) 

The value of rj is, of course, taken from the table or 
cuiTe of motor efficiencies. 

Transmission Dynamometer Mellwtl. — A •trans- 
mission dynamometer is a mechamcal device for the 
measurement of mechanical powffr without consum- 
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ing it, ihat is, without «caii sing its conversion into 
heat, whicli is the characteristic of the absor].)tion or 
brake dynamoniott‘,r. 

There are at least four different tyiies of transmis- 
sion dynamometer which aie capable of applic-ation 
in connection with the testing of machine-tools. These 

[ir(5 : — 



Fkj. H7. — P'orcii diagmiii for tnuiKmiRRion 

1. Dynamometers in which use is made of belt 
tension ; 

Dynamometers in which use is made of gear- 
tooth loading ; 

3. Dynamomotors which work upon the spring 

torsion, tension, or compression principle; 
and * 

« 

4. D^ynamometers which work on the thrust ’ 

principle. < 
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Tlic principle iniderlyingtthe action of the hrst ia 
indicated gr.a))liically in Fig. H7. Two pulleys of 
e(]ual diani(;ters aie inount('d in a sliding or swivel- 
ling ^rame, tin; two sidcis of the belt from the. driving 
to the ‘driven pulley ])assing on th(j inside of those 
pulleys. Tjet T, he the driving-side lensioTi and T 
that of the driven aide. Tluai, if fy is one-half of the 
angle hetween the two sides of the belt as shown, 
we have that- * 

T. =-2T, sinfy . . (Oi) 

and T., ‘2T sin $ . . (62) 

Jjoi Jl 1)0 the lesultant of tiu'se two forces; then - 

n - T., - 'r., 

- 2(T, -~T)sin^. . (68) 

from jvhich we, g{)t tliat- 

Let ]) the dianujter of the driven pulley (machine- 
tool pull(\v) in iricJiCH, and N - the speed of this 
pulley, ill Then, wc have that — 

Machine-U)ol l.H.R ^ 

The measurement of the force K, which is the 
force required to keep the pulley frame in oms po.si- 
tion and the value of B constant, can he elYected 
either mechanically or hydraulically. • 

In Fig. 88 a iiiechauical method is indicated. • It 
will be seen that ihe two jockey pulleys are mounted 
in a pivoted three- bar frame. The w'eigbt W acting 
on this frame resists the upward turning moineat of 
*K on it. A plumb ])ointer P is employed to "assist 
in the maintenance of the normal position of the 
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B = 


( 66 ) 


mimo. 'I'he value of R4a detormined as follows; — 
W X L 

L and Tjj representing the lengtlis of the two arms, 
as indicated in the figure. '• 

Another mechanical method is to weigh the force 
R directly ; it is not, however, quite as good as the 
method of moments since, it does not admit of the 
same delicacy of balance. * 



The hydraulic method is nqiiesimUsd in Fig. 80. 
The driving and driven pulleys are indicated by the 
letters PP. BR are two pedestals. F is the jockey 
pulli^y frame, and 8 is a horizontal bar, by means of 
which the condition of vertioality of the frame F is 
maintained. The frame is supported on a plunger 
A which hts in a cylinder Cl, this latter being filled 
with oil and communicating to either a pressure 
gauge or an engine indicator. In the case of the 
former the pressure of the oil is read olT directly on ^ 
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the scale of the gauge (tlfe average of a number of 
readings being taken) ; in the latter case, the average . 
pressure has to he obtained from a diagram similar 
to Jiho one shown in Fig. 90 ])y finding the mean 
height of the ordinates. In this figure the line AB 
is the no-load line ; the line (H) is tlio load line, the 
mean ordinate height Injiiig taken between th('.se two 
lines. 



The vflue of R in this ease is dt;terinint‘d as fol- 
lows ; — 

R = 1* X A . . . (67) 

where P — the speciliepressure, or pressure intensity, 
in lb. per square inch, as obtained, and A =? the 
cross-sectional area of the plunger A in Square 
inches. 

The form of transmission dynamometer in which 
toolhed gearing is employed is represented in Fig. 91. 
The gearing employed is of the kjvel differential type, 
B. P is the driving pulley ; Pj V't'he driven pulley.; 
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S 18 the dinveii shaft or H)fin(lle, say, of the machine- 
tool ; and A is an arm attach(‘d to the middle gear 
wheel, its motion lioing limited in the manner 
shown. Th(^ arrow li indicates the direction IJiat 
the arm A would take if it were allowed to* move 
through any appreciable angle. \V represents the 
w^eight which is required to k(iep the arm A lloating 



TIME 


Eici. 90. — Transinission dyrmuiometor curve, 
under any given set of conditions. In this case, we 
hav(! that — 

Ij X N X 

Machine-tool LILP. - ^ 

W and Ti having the meanings given to them on the 
diagram (L being in feet), and N being the Sliced of 
the irivon shaft S in revolutions per minute. 

In "Fig. 92 is shown one form of torsion transmis- 
sion dynamometer. P, is the driving pulley and P„ 
is the driven pulley. The element which connects 
these two is the helical spring, S, and the power 
which is transmitted at any instant is directly pro- 
portional to the relative angular movement or angle 
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of torsion or twist betwqnn the two ends of tlu* 
spring. This angle is determined by moans of an 
eccentric, E, which is secuiod rigidly to the driven 
pulley, Pjj, and a vibrating slide, V. This slide 
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Fia. 111.— TninsmiHsion «lvnn.moniet(*r. 
cari-ies a ptsncil, M, at its outer end, the poftcil 
working, in conjunction, an indicator drum, I. •The 
rotatory movement of the eccentric is converted into 
a quasi-simple harmonic motion of the vibrator and 
pencil, with the rosult that whfui the indiciftor is 
rotated through positive go^iriug from the driving 
pulley (the gearing having unit*#iatio) the pencil 
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trace» a quasi- sine curve,, on the indicator card or 
.paper. Such a curve is shown in Fig. 93, in which 
are represented a no-load curve and a load curve. 
The distance 1) ropresemts one complete revolution 
of the driving pulley, and 1)| the angle? of torsion or 
twist. 

This form of transmission dynamorni'ler requires 
calibration, so that for any given value of Dj — which 
may be termed the curve displacement — ^the power 



li’KJ. 02.— TorKioii tmnHiniHsion (lyimnioTiieTier. 


transmitted can be obtained. Otherwise, the instru- 
ment is useless. Calibration is effected by moans of 
Prony brake tests. The iw)wer transmittfjd is com- 
puted by means of the formula — 

J), X N X constant- 
Machine-tool l.li.J\ =“ 5 252 

the value of the constant being determined from the 
brake lest-rcsults. 

Where the load is vaiiabic, it is better to work out 
the power transmiited by integrating or planimeter- 
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ing the area which is enclosed within the two curves. 
In this case, we have that : — 

Machine-tool T.H.P. 

=a Area of diagram x N x constant 

• S:{,oo6 • (70) 

the value of this constant Ixnng related to that of the 
above. 

In another form of torsion transmission dynanio- 
iricter the torsion is moas«red hy moans of a series 





Flo. 93.— Torsion traiimnisBion (lynanioinetcr (snrve. 

of pulleys aTid cords, the (jords passing round the 
two parts of the shaft and controlling the move- 
ments of a scale and pointer. The scale is graduated, 
so that the constant for any given stjt of conditions 
is read off directly. 

In the spring tension form of transmission dyna- 
mometer, helical springs are iisikI between coupling 
flanges, the amount of their extension being metfsured 
through the medium of differential '^earing. In the 



17G 


TESTINCI OE MAHIINE TOOLS 


spring compression form, a spiral spring is employed, 
the relative movement of the outei* end being com- 
municated through a cam and shaft to an indicator 
pencil. 

In the thrust form of transmission dynanA)motor 
the tangenital or twisting force is resolved into an 
axial foniti or thrust hy means of a link or inelincwl 
plain* devie<*. This axial force is communicated 
through diaphragms to oih which is thus put under 
pressure. The chaRictoristic formula is : — 

Machine-tool T.ll.r. =N x V x Constant . (71j 

where N is the speed in revolutions pc'r minute, and 
r is the oil pressure, in Ihs. ]>er square inch. 

Cradle l)f/mmmr.ler Method,— [n tin* ajiplication 
of this method an elec.tiic niftor is used. I’he 
carcase of the machine, carrying with it the field- 
magnet system, is arranged in a swivt‘1 or trunnion 
frame, and an arm attached to it is supported at its 
outer end on the pillar of a wtjighing machine. Tlu.. 
torque on the armature w'liich is extjrted by the field 
magnets reacts on th(i latter, 'riiis reaction is 
weighed by means of the weighing machine, and* 
is assumed to ho a me-asure of the output of the 
motor. I’he formula to be (employed in such a ease 
is as follows : — 

Machine-tool T.IJ.P. ^ (72) 

0,2;)2 ^ ^ 

where h = the horizontal distance between the axis 
of the pillar of the weighing machine and the motor- 
armature axis (in feet) j = the u(it load as given hy 
the weighing machine readings; and N = the speed . 
of the armature, in revolutions per minute. 

When the powf».r transmitted is a mpidly varying 
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quantity, as it is in the case gt shaping machines, it 
'is desirable to have some autographic method. One 
such method involves the tracing of a graph or curve 
on an indicator card, the horizontal axis representing 
time or distance and the vertical axis the movement 
of the end of an arm attached to the motor frame, 
this movement being proportional to the torque 
exerted on tlie frame with a fixed load on it. 

Another method is to a hydraulic piston and 
cylinder filled with oil or glyceiine, and use in con- 
junction with these eitlKJV an ordinary pressure or an 
engine indicator, preferably the latter in the majority 
of cases. 

Strictly speaking, this method does not yield the 
4rue output of the ^iiotor since it is based on the 
pull b6tw(ien the* motor armature and the motor 
field magnets, and do(JS not cover the mechanical 
loijses in the bearings at all. In fact, the output as 
dtitermined by this method is exjual to the product 
of the electrical input and the electrical efficiency. 
In many cases, however, the results o))tainable by 
this method are sufiici(mtly close for all practical 
pui'poses. • 

2. Output Determinations.— Lai/tc.— For the de- 
termination of the energy output of a lathe headstock 
a Prony brake may be used. The use of an absorp- 
tion dynamometer under such circumstances is rtf- 
presented in Fig. 94, which illustrates a brake •in 
the Machine-tool Laboratory of the University of 
Sheffield. A is a I girder section ; B an oak block ; 
D the brake drum (water cookid) ; S the headstock 
spindle; L the lathe bed; K a knife-edged pillar;* 
W a weighing machine; and P aV*ipport for the 
12 
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wciighing machine* By,.meanK of such a bmkc) it is 
possible to determine tht; headstock enci’gy output 
for each energy input. 

The computing formula is : — 

L X N X W 

Headstock O.ll.P. = . (73) 

where L - the length of the aim, and N and W 



Fi«. 1)4. — Sirax* limkij iih applicnl to latlic hcadutock. 

have the mtjanings already given to th(m. In the 
actual case of the, brake referred to, this became : — 

WM 

Headstock O.H.P. . (74) 

A^ith this form of brake the load on the wt'ighing 
machine is maintained as nearly constant as possible 
by the adjustment of ^lie brake nut shown. In 
another form of friction ttist brake, the load on the 
arm ij;) absolutely constant, being a dead weight, and 
any variation in the frictional resistance between the 
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)rjiko di um and tht; brake l4ocks is allowed for by a 
novemeni of the >vei^hted arm and a consequent 
dtoratiou in tho real or eflectivt* ItMij^tb of the arm. 
Chti cbaiif'es in this length can easily be receded 
butogniphically on a chart such as the one shown in 
L<^ig. 95. Tn this figure U rejM’escjits the instan- 
aneous edectivc length of the arm and T the time, 
u this case, wo have that : — 

Ileadstock O.ll.p! ^ o-o ^ • (75) 



wln^ro H = the average length of the arm (obtained 
by av(M'aging th(} diagF-iim), and N and W have the 
meanings already ascribed to them. 

The determination of the energy output of tlTe 
slide- rest of a lathe can be determined by m(.*anK*of 
a deiwi weight (or a number of such) susjKsnded at 
the end of a wiif or cord and attached to thc^ tool 
post after being |)asst»d over a dellecting pililey 
mounted on ball bearings, together with a ^ead 
•weight on th(j slide-rest itself. Th^Sead weight on 
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tho slide- rest in each ca<>e should be four times the 
suspended weight in order to approximate to tho 
conditions of actual cutting. The output computa- 
tion is effected as follows : — 

^ X N X W 

Slide-rest 0.n.P. = -^-^- . (76) 

where = the feed, in inches per revolution of the 
spindle, and N and W are as above. 

Drilling Machine . — The spindle or twisting O.H.P. 
can be obtained in the same way as can the lathe 
headstock that is, by means of a brake test. 

The feed O.H.P. can be readily obtained by sus- 
pending a dead weight from the spindle and raising 
this at a definite feed rate ; the determination formula 
is as follows : — 


Feed O.H.P. 


K ^ w 

396,000 • 


(77) 


where F„, = the feed, in inches per minute. 

Millmj Machine . — The headstock O.H.P. is de- 
termined in precisely the same way as is the lathe 
headstock O.H.P. 

The feed or table O.H.P. can be determined in the 
same way as is tin; slide-rest or feed 0 If.P. of the 
lathe. 

Planing Machim . — The O.H.P. of the table or 
pUten can be obtained by using a suspended weight 
attpjched to the tahhi and raising it. Since, however, 
a planing-inachino stiTike is considerable, a number 
of pulleys (all with bal^ bearings) or a deep pit is 
required. The latter is to he preferred, though 
usually it is the less easy of the two to secure. 
When the requb%d weight becomes considerable a 
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ball-bearing pulley block with known efliciency can 
be employed. By this means the actual value of the 
weight required can l)e easily reduced to one- 
tentj}, or even less tlian this. 

Shaping Machine , — The ().H.P. 'll the ram of 
such a machine is a ratlier difficult datum to obtain 
owing chiefly to the rapidity with which the strokes 
follow one another. The dead-weight method is not 
applicable hero because <Tf this rapidity of changes. 
The only possible method is to work on some fluid 
which can cither Imj compi’esscd or raised a definite 
amount. 

In one method the plunger of a hydraulic cylinder 
is 8(,‘cured to the tool post of the ram, the cylinder 
' being connected ^to* two water tanks, one a dolivei 7 
tank and the othcjr a suction or supply tank. In the 
case of the former the upper part of the tank is filled 
with air which is kept under constant pressure by 
ifteans df a throttle or relief valve which is fitted to 
the tank lielow the water level and which allows 
water to jiass from this fcink to the suction or supply 
tank, the head of water in this over the cylinder or 
pump hein^ just suflicient to overcome the frictional 
resistance in the suction valve, and })i}>e. The average 
pressure during the forward or power stroke is ob- 
tained by means of an indicator diagram taken frqpi 
the cylinder. During the return or suction stroke 
no work is actually done since the water just runs 
into the cylinder from the suction or delivery tank 
under the influence of the head which is maintained 
jiherein. This condition, of course, involves the use 
^of special valves in the delivery ap4 suction pipes. 
The cylinder LH.P. is practically d^ual to the ram 
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O.Il.P., the dilfereiice *bning an exceedingly alight 
one due to the frictional rcaiatance between the 
)»lunger and atufling-box packing. The determiinng 
formula is — 

_ _ „ . V X L X A X N 

RamO.H.P. . (7B) 

th(5 symbols having the usual significance. 

Another method of determining the ram O.H.P. is 
to use the ram to drive the plunger of a hydraulic 
cylinder as alx)ve, but to raise the watei- from ojuj 
fixed level to another. The luin O.II.P. is then 
related to the extirrnal work done in one minute, }i 
quantity which cari bc obtained as follows : — 

Rxtemal Power , (79) 

where Q = lb. of water rais(‘d per minute, and 11 = 
the sum of thtj suction and delivery beads. The 
ram O.IJ.P. equals the product of this quantity ai?d 
the cylinder efticiency. 

It is sometimes assumful that the cylinder l.Il.P. 
is less than the ram or tool O.Il.P. owing to the 
inertia of the plunger. Tins, however is of no 
riiomont whattjvor for two reasons : first, the imirtia 
or massiveness of the plunger is considerably less 
than that of the ram ; and, second, the acceleration 
effect (at the beginning) and retardation effect (at the 
end) tend to balance one another. 

3. Tests and Test Results. — In making machine- 
tool mechanical efficiency tests it is necessary to re- 
produce actual working conditions as far as possible, 
so that, for any given load on the machine under 



MA(1HINE-T()C)L EFFICIKN(jY TESTS 183 

test, the frictional losses *111 the various working 
parts of the machine are as nearly as possible equal 
to those which obtain when the machine, is actually 
working under the same load. 

In every case the useful power is the power which 
is consumed at the cutting (‘dge or wlge.s of the t<K)l 
or cutter, and this includes botli the ])ow(ir required 
to drive and the j)ower to feed. All the remaining 
power is, practically sphaking, consumed in over- 
coming the iiiiernal machine resistances, and it is 
these which sliould l)e mproduc(}d exactly as far as 
}) 0 s 8 ible in the brake and desad-weight tests, ft is 
impossible, however, to accomjdish this exactly in 
ilie majority of ciiscss, though the degree of inac- 
cura^^ which is jn\^oIv(*d in the test njsultsis usually 
inapprecia))le. 

fjatfie . — In the case of the lathe, thc'. applicjition 
of a friction brake on the driving spindh^ has pmeti- 
cally tim sam(^ effocjt on tlu^ fric,tional resistances as 
has the cutting of a tool. The dilTerence lM;tween 
the two is in tlie thnist, which is created by the 
cutting tool, but which is in-sictically non-existent in 
the case of the brake test. When it is desired or 
found necessary to make allowance for this thrust 
I'osistance, the, thrust horse- power for various thrusts 
and spindle spee,ds can be reproductid experimentally 
by exerting an experimental axial thrust on the spindle 
through a largo thrust hall bejuiug and dead weight 
or force ap})lied through the medium of levers. The 
dead weight method can only be applied in the case 
of hollow spindle lathes. To approximate to actiyil 
cutting conditions, this applied axja^ thrust should in 
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value bo equal to one-qiiiii*ter of the tangential force, 
measured at a distance from the spindle axis equal 
to, say, one-half of the height of the lathe centres, 
which corresponds to the load on the brake. .This, 
stated algebraidvlly, is : — 


T = 


W X Ti 

2ir 


( 80 ) 


where T = the axial thrust'required ; W — th(j brake 
load ; Tj the length of the brake arm ; and II tht 
height of the lathe centres above the top of the 
bed. 

The inciasurement of the headstock O.ll.P. remains 
the same, however, wbetluT this rolintwtsnt is adopted 
or not, and the clficiency ol tho headstock or the 
efficiency of the drive is determined as fol- 
lows : — 


_ Headstock O.ll.P. ^ ^ 

~ Headstock I.H.P. * * 

The following table gives the results of head- 
stock inechanicjil effici(;ncy tests w^hich were made 
by the author on an electrically driven IC-in. ctmtre 
lathe, which is instaUed in the University of Sheffield. 
The motor I.H.P. and the headstock O.H.P. were 
obtained from meter and brake observations rcspec- 
tiv^ily. The motor O.ll.P. (headstock I.H.P.) was 
obtained by making use of the efficiency curves illus- 
trated in Fig, 86. 
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TABLa VII. 


LATHE EFFICIENCY TEST RESULTS. 
Dnvhifj Ileadstiwh. 





Kllio.ieiu'.y, IVr t^eiit. 

Motor 

Motor 





l.H.P. 

O.H.I*. 

O.H.I*. 







Ovrriill. 

Motor. 

llr.'uiKtock. 

’ 0-Sl 



a-82 

1-70 

25-0 

M-O 

44-0 

7r,iJ 

4-48 

2-30 

80-3 

58-3 

52-0 

7*70 

4-50 

2-88 

31-0 

58-0 

58-0 

8-4U 

O-Ol) 

3-10 

30-5 

00-0 

000 

51-U5 

6-r,7 i 

i 4-38 , 

44-0 

00-0 

00-7 ! 

10H4 

7*40 i 

5-20 i 

17 -H 

0t>-0 

00-4 i 

12*3.S 

8-JW ' 

0-40 

52-0 

72-3 j 

i 72-0 

13-78 

0 20 , •O-sO 
12-81 <)-H8 

53-1 

72-8 1 

78-2 

lO-HO 

58-0 

70-0 1 

1 70-0 

iH-nn 

14-11 

11-00 

00-0 

78-0 I 

! 70-8 


17-8H 

13-20 

00-8 

705 

! 70-0 

2r>-70 

30-ril 

15-80 

01-0 

80-0 

77-0 

sr>-7r> 

80-01 

20-32 

82-0 

84-0 

07-5 

1 42-00 ♦ 

j 

88-50 

83-73 

80-4 

84-5 

05-2 

1 


From this ta,l)lo it will he seen that the three 
(jRiciency values rise with the load or headstock 
O.ll.P. Theie appears, however, to he a limit to 
each value, and it is hardly probable that the or- 
dinary working elliciencios are oven nearly equal to 
the maximum. The following values may be taken 
as oi’dinary working efliciencies, these being thefro- 
spectjve averages of the above values : — • 

Overall efficiency , . .50 per cent. 

Motor „ . . . . 71 „ 

Headstock „ . , . . 70 „• 

The separate efficiency of motion of the slWe-rest 
can only be determined exactly i^the motion is ob- 
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tained from a separate motor, or a transmission dyna- 
inomoter is used. The following table gives the results 
of tests in such a case. The motor experimented with 
was a 5 B. 11 .P. variable-speed direct current inptor. 

TABLE Vlil. 

LATHE EFFICIENCY TEST UESCJ/i’S. 

Slide llesl. 




Sli«U* IN“'I 

KHic.ii-iiry, Perl* 

‘lit. 

l.ll.l*. 

0.11. 1*. 

O.ll.l*. 

OviTuIl. 

MoOii'. j lirsi 

1 -ss 

0112 

0*02 

l*r> 

4r)*o 


J-4() 

O-lil 

O-O.-l 

2-1 

ii;*o , 

4*11 


0-(17 

()-04 

2*7 

, 47 0 1 

.vs 

l-r>l 1 

0-72 1 

O-Oo 

H*:i 

4S-0 i 

'i;*i) 

1-42 

o-iir, j 

j 0*0(1 

1*2 1 

iii-o i 

l)*2 

1*4.) ; 

; O-Iis ! 

1 0*0S 

r,*.'* j 

17*0 ; 

11*7 

111) 1 

0-71 1 

1 010 

' 11*7 1 

4S-0 I 

14*0 

I-.'JH 

0-77 ! 

' 0*12 

1 7*11 1 

4!)() i 

J.Vi) 

Ml* ; 

o-r>i) j 

0*10 

i (1*1) 1 

470 1 

14*7 

l-.-iU 

0-72 

O'lJt 

1 H-7 i 

ISO ! 

IS *2 

I -ni; 

o-?!*) 

0*17 

JO'l) . 

4l)*0 i 

220 

i-iu; 

0H;1 

0-20 

12*1 ' 

.10 (1 1 

21-2 


This table shows how comparatively^ small thtj 
slide-rost or feed etticiency of a lathe njally is. The 
average slide- i-est enicieiicy is only about 13 per 
cent. 

On ordinary latbes tbe feed motion is denved from 
the driving headstock in which (;ase the feed efiiciency 
cannot be determined as a separate iUsm without 
nither elaborate apparatus. It can, however, be iri- 
cprponited with the headstock eflicienoy to give the 
overall efficiency of the lathe. In such cases, of 
90ur8e, the total O.H.?. is the sum of the two horse 
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powers usefully employed i!i overcomiug the tangen- 
tial and longitudinal resistances, as actually deter- 
mined by experiment. 

When th(5 two motions are seiMiiate, oithei* foi* 
ox|jerimcntaI or opcnition purpose s, the ovenill 
eflicioncy of the lathe can be ohtaiiKjd l)y working 
^on the two motor O.TT.P.'s and the luwidatock and 
slide-rest O.TLP.’s. The ratio of the two sums is 
the (illiciency, the formula which applies in this in- 
*^tanco hciing — 

lle}idst(K?k O.H.r.-l- Slide-rest O.II.P. 
J)riving Motor 0. 11. P.-t- Peed Motor O.H.P. 

In the following tahhs are given tlic calculated 
resij^^s of such y, jlro(50ss, the msiilts given in Tables 
VJJ and VI li being omjiloyod for this purpose. 


TAPLE IX. 

LATHE EFFICIENCY TEST UESLLTS. 
Coniplc.lf. Marliiiui 



lalhfO.II.P. ! 

! 

1 

OvjTall L'lt.lic EHiiiiiiiiry, 
LeriViil. I 

4-44 

P72 

38-8 1 

r,4m 

2-30 i 

4li-5 

5 14 

2-41 

40-8 

5-7H ! 

3-20 

.55-4 

■ 7-25 

4-40 

01-7 

H-IH 

5-24 

i;4-2 


■ fi-45 

07-0 1 

U-IW 

j 0*03 

00-4 

13-02 

1 0-48 1 

72-0 

l4-«s 

; 11-12 

74-8 

18 14 

1 13-43 

74-3 ' 

21-a4 

1 lG-00 

•/ 7.V0 1 


1 

_1. 
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ThiR table shows thab the limiting overall eHioi- 
ency of a lathe is the neighlx)urhood of 75 per cent. 
The average ovemll efliciency of a lathe is aI)out 62 
per cent, this Iniing the mean of the above values. 



It >^ill he observed that each value is less than its 
corr&jpoudent in the headstock efliciency tests. 

When, with a .single source of power, the slide- 
rest is loaded, as already described, to enable the feed 
O.H.R or net power to be obtained, the pull on the 
slide should bo one-half of the tangential force on 
the headstock bral^o drum measured at a radial 
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distance from the axis ccjn^al to the height of tho 
centres. The dead load on the slide- rest should be 
one-quarter of this. The test conditions will then 
approximate closely to the ordinary conditions of 
cutting* 

Another method of determining either headstock, 
slide-rest, or overall lathe eflicieucy involves the 
•taking of a cut, the no-load and load lathe I.lLP.’s 
being obtained according to the kind of drive and 
measuring methods employed. In the no-load test 
ttie slide-rest should ))(‘ in motion at the feed of the 
cutting test. The efficiency is then determined as 
follows : — 

Load r.ILP. - No-load I.II.P. 

. ^ - LoadLRP. . 

IjEis method, *it will be seen, is based upon the 
assumption that tho frictional losses during the load 
lest are tho same as those which occur during the 
co-loa^test. Such an assumption is obviously not 
quite true, but in many cases the error which is 
•involved when this assumption is made may be 
ignored. 

In addition to relating the overall efficiency to the 
lathe I.II.P, or O.II.P., it is also possible to relate 
it to, say, the food, provided that this is the only 
variable in the conditions of cutting. In sucli a 
case it is neccjssary to select a defijiite spindle spied, 
and then to make the presiding tests at this speed, 
ol)taiuing dabi similar to those recorded in Tables 
VII, VIll, and IX, The lathe is then furnished 
with a test bar of a suitable length and diatneter, 
and at the same angular speed as the above \)uts of 
a fixed depth, but with a varialife feed, am taken. 
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'Observations bciuff made to obtain the- required re- 
sults. 

In Figs. 90 and 97 are shown graphically the re- 
sults of a series of such tests, in which the cutting 
speed was 50 ft per minute, the dcspth of cut was 
2 in., and the feeds worked at were 0*0185 in., 



FEED PER REVOLUTION 

Fia. 07. - Ijathe-Hliile-n*Kt »‘l!i(tiency tairvoB. 


0*0551 in., 0*1417 in., and 0*1880 in. per revolution 
of tfie test bar. The curves in Fig. 90 are head- 
stock curv(js; those in Fig. 97 are slide-i'est curves. 
The curves M ai'e motor efficiency curves; those 
lettered II and S are resp(3Ctivcly headstock and slidc- 
j-est efficiency curves ; whilst the 0 curvtis are overall 
efficiency curves. The two most important curves 
are the II and S « urves. On Fig. 96 has also been 
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drawn the ovemll lathe efliicieiicy curve; this is 
lettered L. A coinparisou of this with H will show 
that they are l)oth of the same tyjK) of curve. It 
will also show that the disparity hetwc’eii them 
gro^s kss as the feed (and, therefore, the load) gets 



greater. 7’his is duo to the rapid improvement in 
the slide-rest iiHiei(‘ncy with fetid or load increaiies. 

In Figs. IIH and are represented gmphigilly 
the amounts of jiower required to drive the various 
ehiinents of the motor and headstock of this lathe. 
M is the no-load motor curve ; A is the uQ-load 
headstock and motor curve without factj-platg geaf- 
ing and spindle in ; E is the corfeSponding no-load 
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headfltock curve; B ia ^ho motor, headstock, face- 
plate, and test bar cui-vo ; F is the test bar curve. 

In Fig. 100 are shown the headstock horse-power 
curves for three different depths of cut, namely, 1-, 
J, and jS in., and a cutting speed of 50 ft per minute. 



The full lines represent I.H.l*., and the dotted lines 
O.HP. 

The corresjjonding curves for the slide-rest are 
given in Fig. 10 J. ^ 

DriUmj Machim . — In the drilling machine the 
application of a friction brake has practically the 
same effect on the' drill spindle as drilling has, so 
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ffii’ Jis the turning' niornenUor torque is concerned. 
In addition to tlic torque iiorac-power, and the power 
^ylIich is^ required to overcome the radial hearinf; 
resistances, there is a powcu’ rt'quired to overcome 



Fkj. 100, — Curv»-(i Kliowiiif' relation lietwitiu lathe hoadstntk 
lK)Wor and food <if tool. 

the axial resistances which aie st^t up l)y the thrust. 
This latter power can he practically allowed for by 
suspending from the driving 8})indle a known il^ad 
weight through a hall bearing, the imnusrical walue 
of the weight in lbs, being equal to^tlie value of the 
J3 
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torque (product of the length of the brake arm and the 
load on the brake) in lb. -ins. This relationship between 
the thrust and the torque is an average one, the cx- 
tnime values of it l)cing about 1‘5 and 0*5. In this 
case the brake drum has to be suppoi'ted on' a large ' 


2-0 
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Fig. 101.— Curves showing relation between lathe slide-rest 
. power and feed of tool. 

ball bearing, and connected to the driving spindle by 
means of a feathered sliaft, so as to admit of the 
vertical movement oi the latter as it raises the 
weight representing the thrust. As drilling-machine 
t6eds.Are usually derived directly or indirectly from 
the driving spindle, it is not possible ordinarily to ' 
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separate ihti feed and the lirive, though, of course, 
in special cases it can he done, in either case, the 

feed test can be made at thci time of the drive test 

• ® 

by causing the feed motion to raise the dead thrust 
weiglit. • 

Generally, it is the overall machine efiiciency 
which is required, and only in special cases is it 
desired to know the values of the two sopamte 
efficiencies. • 

• The quantities i-eq aired are the load on the brake, 
tlfe length of the arm of the hnike, the thrust 
weight, the spiudh^ speed in revolutions per minute, 
the unit-time feed (in inches per minutf*), and the 
machine I.II.P. or the O.J1.J*. of the power source. 

Arfothor njethod .)£ dettjrmining the mechanical 
cfUcilrTcy of a dnlliug maidiiiie is to obtain the ma- 
chine T.JIR wh(m it is running light with the fetd 
motion in action, and also when it is loaded with a 
ciit. TfH*. dilference between the two LLI.r.’s is 
taken to he the O.H.V. of the machine, and the 
(ifficieiicy is obtained by moans of exjiression (82). 
The basic assumption of this method has already 
been discussed in connection with the efficiency 
testing of lathes. 

In the following table are given the results of 
some mechanical efficiency tests on an electrically - 
driven high-s|)eed drilling machine. In these tests 
the second method was adopted, the machine I.H!P. 
being determined from the motor I.II.P. by making 
use of the motor-efficiency curve. 

^ The average value of the efficiency is 77 per &nt, 
which maybe taken to be of fairl)^ general applidft- 
tioQ in practice. 
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X. 

DIllIif.ING MACIHNK KFFICII^NCY TKST UKSOLTS. 
Complcl'd Maclihie. 



: 

OviivUI K(ti- 1 

MolorO.II.I*. 

O.li.l*. 

y, IVv ( V.iit. j 

, i 

1-01 

i 0-7(‘ 

ii7-;{ 

MS 

* 0-K7 

7:i-7 

J ■4l> 

MS 

70-2 

•JHi 

()■'.)(» 

III 

S;S*li 1 

2*“»7 

n*4o 

J! !'•> 

2- 10 

70-ii ! 

4-J‘J 


70 H 

IAS 


77-0 

4-58 

1-2S 

Wro 

TrlH 

:i-so 

74-J • 

rvlo 

r,-oo 

«. S7-0r u 

IMI 

.V71 

OH-:* . 

Millbijf Machine. ' In iniUing 

machines in which 


the ])Owcr feed is derived from the drivin^^ s])iii(lle‘ it 
is not fejLsihlo to nuike sepsirate tests for the head- 


stoe.k and table or feed etVunc^ncies. With a separahi 
drive for the feed it is possible, however, to do this. 

The driving spindle of a milling macliine is sub- 
j( 5 eted chiefly to torsion, there he.ing vei-y little thrust 
eiTccjt in the majority of cases, and what theio is in 
the others may be neglected. Thej*(‘fore, thci simple 
brake tijst will covea* all tin', headstock losses and 
enable the hosidstock efficiency to ho obtained in the 
usual way. 

The table of a ruilRng machine is subjected to a 
pufl against the resistance of the cut and a verticvl 
f6rce. The l^itter, of course, sets up increased fric- 
tional resistante in the table guides, and should, 
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thor<ifoi(!, in the tests Ixi allawod for. Tiiis can he 
done hy means of a dead w<‘igiit surmoiintiiif,^ the 
t^ble. valne. of this wei^^hl, for an aveiuge, 

should bo one quarU‘.r of the suspended weight. 
The cllifiiency deitjrmiiied in such a will l)e as 
nearly coiTOct as it is possible to determine it, cix- 
jMM imeJi tally or nth(‘rvvise. 

• 'I’he ovei'all machine elliciency can he obtained by 
combining the two sepai’ate eiliciencies. In sucli a 
oftS(s the weight athiched to the tahh' must hear 
stTtnc reasoiuilde ndation to tlie load on the hi*ake. 
The following foi*niula will give it for all ordinary 


W X li 

. = 2 - 


(81) 


wheiyAV, - the suspended W(;ight, in Ih. ; W - the 
hrak^ load, in Ih. ; and L = tlie length of the bral:e 
arm, in inches. In this formula an avinagc cutter 
diamete#of 4 in. is assumed. In these tests it is, of 
coarse, possihli; to ring the changes on the spindle. 
Sliced and the feed. 

If the two drives are separate, expression (H2) oi* 
one of the^arao form, applies. If they are inter- 
connected, the overall inacliine efficiency is deter- 
iiiincxl by means of the following expression : — 
Headstock O.II.P. -i- Table O.JI.P. 

^ Machine J. I LP. 

The.dillereiitial test is also applicable in this cjise. 
The machine T.1I.P. is obtained without a load, both 
the spindle and tlie table being sot in motion at tho 
.working speed and feed respectively. A load is^lTen 
put on the machine in tho natui-e of a cut, iirftl the 
machine I.1I.P. determined for this* condition. The 

« 
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overall machine efficiency is calculated by means of 
Bxpresaion (83). 

Ill the following table. are given the resultfi of some 
Lliilurential tests on a high-power horizontal spindle 
milling machine. 


TABLE XT. 

MILLING MACHINE EFFICIENCY TESTS. 
Comi)Ute. ^fachina. 


Miutltititt T.ll .l‘. 


»10 

;j*70 

L25 

O-flO 

7M52 

H-2r> 


i‘liiiie (i.ll.l*. 

' Ovi‘r:ill M:u‘liinu Kftli 
IVr (Viit. 

2-r)H 

S4(> 

:i-20 


:Mi4 

! sr, \) 

4*K7 

' , H7-1 

rr70 

0 ’ 

Irn.H 

1 «r)*H 

7-14 

Hli-0 


The avei-agc efficiency is 86-6 per cent, which is 
fairly re])resentativo of modern pi'actice. It will be 
noticed that, in common with other machine-tools, 
the efficiency value rises somewhat with the load, 
though not in the same ratio. 

Shapinff Machine . — With this typo of machine- 
t(X)l the mm efficiency is the machine efficiency since 
thp cross feed of the work is effected either during, or 
at the end of, the return stroke and has no cutting 
resistance to overcome. Furthermore, since the feed 
motion is invariably derived from the driving motion, 
it is not possible without special apparatus to deter- 
mine the power which is required to feed the work 
aci'Oss the motion pf the tool. In any case, however, 
.this power is lost4n overcoming frictional resistances 
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and, henco, cannot appeal^ in the O.H.P. of the 
machine. 

^ There are at least three ^ays of determining the 
mechanical efficiency of a shaping machine. The 
first ineifchod covers just the power or cutting stroke. 
The input per stroke is determined })y means of 
the cradle dynamometer or other recording dyna- 
mometer, the motion of whose diagram card is 
controlled by the ram^ The output per stroke 
is det(irmined by means of the hydraulic method 
ctescribed, the outjuit being obtained from the 
cylinder indicator wird, whose motion also is con- 
trolled by the ram. TIkj efficiency during that 
stroke is obbiined by hiking the ratio of the out- 
put •to the input. ^ To obtain a fair avemges it is 
nece&l^try tb talfe a number of simultaneous cards. 
In the following hible are summaiized the results 
of a number of such tests on a Ki-in. shaping 
rfnachiiiB : — 

TAiUiR xn. 

SHAl'INfi MACHINE EFFICIENCY TESTS. 

Pomr Stroke Only. 


Lengitli c>r 

! Average laiiul on 

Avmt(i*S|)i*i‘(l«f 

Kflideney, Fer 

Stroke, iii In. 

Tim) 1, ill Lb. 

Fit Mimib*. 

(Viit. 


i - - ■ 



•2 

1 H\l 

27*1 

84*0 

• 4 

\ 44.') 

;t4-5 

:i7-r 

6 

i m 1 

27-1 

42-8 

8 

i ,098 

29*0 

41-7 

10 

1 726 

27-1 

51-0 

12 

1 448 : 

: 82-1 

B9;8« 

14 

761 ; 

; 21-8 

43-7 , 

10 

! 558 

25-3 

• • 

450* 
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The average value of ^ the eflicieney is 4 1*8 per 
cent, which is considerably less than the cone- 
s])onding value for any^ inacliine-tool whose main 
motion is uni-dircctional. 

Tn the second ineiliotl either an electric motor (of 
known or determinable elliciency) with an in- 
tegniting or recording waltmotei- or a continuously 
reconling transmission dynamometer is employed- 
to give the average machine l.H.P. ov(‘r a givcju 
period of time. This inclndt's the avc^lg(^ ma-. 
chine or ram O.Il.P., the djiving losses during 
both power and return strokes, and tlu; pow(;r 
required to give the cross feed to th(‘ table or 
knee of the machine. The aveiage ram O.Jl.P. 
dui’ing the same time can bt detevminr;d by either of 
the two hydi’aulic methods already descrihecT.*’ In 
the case of the foi’mer either a continuous indicator 
diagram must be obtained, or ivj)i*escntative diagrams 
taken and used in conjunction with the nuii-her of 
power strokes made per minute. In Llui latter case, 
the total quantity of water pumped up in the givesr 
time is measured and the. quantity pum])ed pin- 
minute calculated from this ; it is thcr. usfd in 
expression (79). The efliciency is deteiinined in 
the ordinaiy way, and is generally slightly less 
than the alx)ve. 

In these tests, in which no cutting isinvolv(*d, the 
table should be loaded to tlu^ exhnit of about one- 
quarter of the average load on the tool in order to 
approximate to actual cutting conditions. 

The third method is the dillcu'ential method. 
Owipg,* however, to the extent of the changes 
which occur in tPi^'pewer demand on the part of the 
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niachiiio an iiitf^nating or^recoi-ding wattiiioter has 
Lo Iw UBod in tlic inottw circuit and the test riui, first, 
with no load, and afteiAvards with a cut, for some 
considerable time, iji order to julmit of !'ah‘ averages 
beiiij; (il)taiiied. The efiiciericy is obtained from the 
average! I.JT. P.’s in th(‘ usual ^Yay by means of 
expj-ession (H3). 

Plaiiimj Mariihin . — The casci of this machine is, 
speaking geiuirally, not yery didertuit from that of 
jJie shaping macliinti; therefore, the al>ove icmarks 
witli the modifications imjdied in the previous para- 
giai)hs on platiing machines appl) here. 



CHAPTER V. 

CUTTING FORCE TESTS. 

Thr (}mpIoyment of high-sp(3ed tool steel m metali 
cutting tools of all dtiscriptions, with its concomitant 
high cutting speeds and heavy cuts, has rendered 
the question of the forct« which occur during cutting 
operations of prime importance, since the ability of a 
machine-tool to work at high speeds with heavy uuts 
depends, inter alia, upon the power possessed by it 
to resist the influence of the cutting forces. This 
power is, obviously, related to the mass and d/ptribu-. 
tion of the metal in the machine ; and the scientific 
solution of this problem is based upon a knowledge 
of the magnitude and inllueiicc of the forces which 
occur during the cutting operation or opeivtions. 

Cutting or cutting-action forces can, in general, be 
determined in three different ways, in each of which 
actual cutting is involved. Those are : — 

Is The direct weighing or dynamometer method ; 

2. Th(j brake and feed- test method ; and 

3. The differential-reading method. 

1. Direct Weighingior Dynamometer Method. 
— Ip. this method the operative cutting force or forces 
are balanced by a suspended weight or weights ac- 
cording to the principle of moments, or by a hy- 
( 202 ) 
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draulic pressure or prossurgs either according to the* 
same principle or directly. 

Lathe — Without doaliug,with any tlioory of cut- 
ting-action, it may he stated that the total forcci 
vvhich*act8 on a lathe tool during cutting is the 
resultant of a large nuinlxjr of small forces which 
are not all of thcj same 
magnitude, neither do 
they all act in the same 
direction. This force 
can, however, be re- 
solved into comj)onents 
p—* ^ acting in three rec- 

F,o. 102- l«U.c. .-..Itins rom«. co-ordinatc 

• ^ planes, these being a 

veiTitTiil ))hfne n^rInal to the direction of cutting and a 
vertical and horizontal plane each pamllel to the 
direction of cutting. Two of the components are 
(thus horizontal and one is vertical. These are 
represented in their correct rcjlationship in Fig. 102. 
The vertical force, V, is usually regarded as a pres- 
sure and the most impoj'tant force of the three ; N 
is calledcthc normal horizontal force; and F the 
feeding or pary.llel horizontal force. 

The force V is related directly to the hoadstock 
O.H.P., whilst the force F is related directly to the 
feed or slide-rest O.H.P. The force N sets u(f in- 
creased frictional resistance lx)th to the rotation of 
the spindle and the rectilinear motion of the slide- * 
rest, and is therefore involved in both O.Il.P.’s. 


The priuciple’of a direct weighing method dtfvised 
by the author for experimentally determining the 
values of the three forces V, N^jfnd F is indicated 
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in ion. In this inothod tlin tool, T, is secured 
in M giniha.1 tool holdor, (i, whioli consists of a 
hollow block as shown, ,th(^ tool being pivoted in 
this witli its axis horizontal as near to its cutting 
end as possible. Tht^ connoction between the'uwo is 
either a pair of adjustable conical-onded screws which 
pass through the sides of tht‘ block and form pivot 
Ixiariugs in the two sid(?s of the shank of th(! tool or 



Fig. 103. — Ijntluj dyimniouictor. 



I 

T 

I 

I 


W, 



Wi 




two adjustable thrust ball healings, though in the 
latt(jr cas(‘ side plates have to be fitted specially to 
the f»hank of th(j tool. This block is fitt(;d as near 
to the nose of the tool as possible, and is pivoted in 
another block, II, which is secured to a free hori- 
zontal cross slide, S, ort the slide-rest, the axis of 
pivot'ii? this cas(j being vertical and the pivot in the 
forfti p{ feither conical points or thrust ball hearings. 

With such an arpingeinent the nose of the tool is 
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capable of more oi* less re§trici(‘(l motion in tlie thveo 
CO ordinate dinjctions indicatcwl in Fif^. 102, there 
hoin‘(, ^lowever, sufliciefit JVoedom of movetiuMit in 
eacli direction to admit of tht^ rcispective force to h(* 
balanfted. To obtain tbt‘ position of balance in each 
directioii tbrc(‘ feelers or thickness ^aiii'os are ust.-d 
at th('. ])laces lottor(3d A, the spaces witliin which 
they fit bavins widths e(jiial to thi‘ thicknesses of 
th(! res]HJctiv(3 fechiis .correct to within O’OOl in. 
The contact faces arev ail aceurati'ly machined and 
finished hy scl■apin‘^^ 

The vcM'tical cuUin ;5 force is balance, I by llie wei^dit 
W, its com[mtation iKjin^ (‘Ihicted by means of the 
followin'^ foi'inula - 


W X \j 
' = h, 

whej'c W, h, hav.3 th(; meaning's given to them in the 
figfn-e,, and d - the distance hetwi‘en the exlrtnne 
poinl^iii the cutting edge of the tool and the [)osition 
of the (j(iMtre, of pressurts measured in a direction 
normal to the axis of the work or t st bar. The 
magnitude of d with lespect to tlie depth of this cut 
\iiries s^lmewliat, de,i)ending, as it does, chiefly upon 
the kind and physical charactisristics of tins metal in 
the test bar, tlie relation betweem the disjith of the- 
cut and the feed, the cutting speed, and this shape 
of this nose of the tool. As an average resuft, the 
value of d may be taken to bis equal to the depth of 
the cut. 

The normal ^horizontal force is balanced by the 
weight W^, which is attached to the bar tlyough a 
coixl or other flexible connector which Iks 

passed over one or three ball-Bearing pulleys as, 
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'shown. In this case, tjje value of Wj equals the 
force measured, that is, N. 

The parallel horizontal force is balanced by the 
weight W\,, which acts through a cord or other 
fl(ixible connector which passes over a ball-learing 
pulley. The calculation of the force value is effected 
by means of the following expression : — 


^ ~ ■ li,.- d 



1j, lij, and d having the above meanings. 

The weight W can also be measured by means of 
a weighing machine directly ; W, through a bell- 
crank lever (ratio of arms unity or any other definite 
value); and N also through a bcdl-crank levej*. 

In the Nicolson lathe-tool dynar.ioraetor,^ a somf?- 
what similar method of supporting the tool is am- 
ployed. A gimbal tool holder is used, but in this case 
it grips the tool at its non-cutting end. The vertical 
cutting pressure is resisted by a strut which is placed 
directly under the nose of the tool and connected, 
either directly or by means of a lover and knife-edge 
l)earlngs, to an oil diaphragm pressure vessel and 
pressure gauge. The normal horizontal cutting 
force is measured by direct transmission through a 
strut and diaphragm pressure vessel to a pressure 
gauge. The parallel horizontal cutting force is 
measured by means of two struts, diaphragm pres- 
sure 'vessolH, and jiressure gauges, one set on each 
side of the tool near to its rutting end. The force 
in each case is obtained from the pressure-gauge 
readings, the value used in connection with the de- 


^ “ Pnx?. Inst. Mech. Engs.,” 1905. 
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termination of the pai-alle) Jborizontal force being the* 
difference between the readings of the two gauges, 
which have initial reading^ given to them. 

The results which have been obtained by means 
of Aiistmothod a))pear to indicate that the magnitude 
of the specific cutting pressure or vortical cutting 
force is influenced by (1) the cutting speed; (2) 
•the de})th of cut ; (3) the feed ; (4) the nature of 
the material being maQjiined; and (5) the general 
.shape of the tool. 

By the application of autographic or recording 
indicators to the above dynamometer it should be 
possible to obtain a jiressure curve from which the 
average and instantaneous values of the vertical 
cutting forces wo^ild he obtainable. 

sli|htly* different form of lathe-tool dynamo- 
meter a thin steel diaphi-agm is used as the tool- 
holder pivot in place of gimbals, the tool in such a 
jOase having only a slight freedom of movement, but 
one quite suflicient under the circumstances. 

DriUmj Machine . — Jn this case, generally, the 
total cutting force can only be resolved into two 
coinpouosts: a tangential force and an axial force 
or thrust. With an improperly ground di*ill or a 
tost piece of non-homogeueous inaterial there is a 
third force, namely, a normal force but, theo- 
retically, in a drilling operation this does not exist. 

The tangential force (which is the main cutting 
force) sets up a torque or turning moment, and 
either the vain# of this or the value of the force 
itself referred to* say, the oircumfcrence of thq drill, 
can be determined by setting up a counter r^sistitig 
moment. The thrust can be iilbrfbured by setting 
iUp a measu^ V measuiable resistance. 
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Wil-li a mlaLing drill l»oth sets of ineasiiri'rncnts 
ai(j ohtaiiK'd IVoni tihii work ; with rotaLinf' work 
th(iy aro obUiinod from |h(! drill. In the cj^so of tho 
first, it is ijocjossary to liavo recourses to llu* use’ of a 
floiitiof' work table' and ])iHton. Tlic piston fliust lit 
in a lai^e vortical cvliotlor. Wlum thes thrust is 
actually balance'd by a dcsael coiinlfrwe'if'ht or a 
wesigbinj^ mjicliirie* re’sistanco, the* cylindeJ* acts as a' 
bearing, anei it should tbeM* proforahly be* e‘(pii])pod 
with ball be’arin;(s to re’duce* the frictional re’sistance.’,- 
and the’ e^onnoestioii be*twe‘(‘n the’ chuck and [siston 
shesuld bo of the* •^iinhal eir iinivorsal jesinteel typo. 



Kitj. 104. — hnUin^ iiiHirhiiif tlyiuiineunrlfr. 

To nu'asures tlio thnist in this case a lewoi’ has to b(s 
used, one end of which is lilted with a ve’i iical cone 
wJiich fits in a ce’ntral ce^nical I’ejce’ss in the» lowen* 
end of the; piston. This lever is halanced and 
wei^^hted as shown in Fi^^ 104, in which V repre;- 
serils the thrust and W theuipplied neit weight. The; 
value of r is obtained as follows : — 

W X I. 

^ T L, ' • • 

Whto a weighing machine is used, the extra lever 
sHoyui'in Fig. 105 has also to be used. The value 
of T in this case is'determined as follows : — . 
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W, X ^ X L,„ 

'^-- L.x-L,- • • ( 89 ) 

The torque or turning moment is obtained by 
attaching a strong connector to the rim of the table 
and*taliiug a strong wire or cord over a pulley and 
attaching the weights to the end of this wire or cord. 
The torque is then determined by means of the 
following formula : — 

T - ,\V X R . . (1)0) 


I’kj. 105. — Prilling machine dyiiHniometer. 

where T = the toi*qiie in, say, lb. -in. ; W = the sus- 
pended weight, in lb. ; and R ~ the rim radius, in in. 

By the use of a rigid connecting level* and a bell- 
crank lever fitted with knife edges, it is possible to 
measure the tangential force by means of a weighing 
machine, though in tliis case the arm of the monaent 
will be the distance between the axis of rotation and 
the point of contact between the straight lever and 
the knife edge oft the boll-crank lever. If the bell- 
crank lever ratio is 1 : 1, the .weighing maghino 
reading will give the force applied at the end of tjie 
table lever. 



14 
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The hydraulic method is also capable of applica- 
tion in connection with the determination of both the 
thrust and the torque. In the case of thv former^ 
the cylinder is filled with oil or glycerine, and the 
thrust is transmitte<l through this to either a fyressure 
gauge (recording or indicating) or an engine indicator, 
fn the case of the latter, the table lever presses on a 
piston in an oil cylind(ir or on a diaphragm pinssure 



FiO. lOfi.— Twist-drill dynamometer. 


ves.sel, the pressure so created being transmitted to 
either a pressure gauge (recording or indicating) or 
an engine indicator. When an engine indicator or 
recording pressure gauge is used, the movement of 
the card or chart should be con -rolled from the 
Bpindbi or spindle saddle of the drilling machine. 

In Big. 106 is illustrated a form of autographic 
twist- drill dynamometer by means of which the 
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relation l)etween the torqu* and thrust can be deter- 
mined. The springs, MM, resist the turning mo- 
jpent and allow the chuck, C, which carries the 
chart or card, K, to move through an angle which is 
proporttonal to the torque. The springs, H, resist 
the thrust, the movement of the pencil V being pro- 
l)ortional to the thrust. 



In Fig. 107 are shown two representative graphs, 
the graph OA representing a more homogeneous 
metal than doeslhe graph Oil. 

Milliwj Machine . — In Fig. 108 is represented* one 
form of milling cutter dynamometer, as devked l)y 
Prof. Politikoflf for detei mining ^he tangent^il or 
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horizontal and vertical fo.’ces which operate when a 
straight or axial-tooth milling cutter is working. The 
test piece is securtid to a sliding sub-table, which 
is mounted on a hinged fixture, C. This fixture is 
supported by the hinge bmcket, B, and the pftint, H. 
This point, H, is connec-ted to a diapbiagm pressure 
vessel y, by means of which and a })res8ure gauge 


X. SECTION AT X-Y 



the downward cutting force is dtsteiTiiihed. The 
front end of the table D is in contact with a {>oint 0, 
which is connected to a diaphragm pressure vessel, 
this being in communication with a pressure gauge 
or indicator by means of which the tangential or 
horizontal cutting force is detennined. 

Planing Machine . — The cutting force in this case 
can be treated in exactly the same way as the cut- 
ting* fhree in the case of the lathe tool ; that is, it 
can'be' resolved jnto three rectangular components. 
Each of these cai^ be weighed or measured in each 
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of tho ways specified in case of the latter ; that* 
is, by direct weighinj', by pressure dynamometer, or 
J)y indicator. 

With one form of d 3 nianiograph oi autographic 
dynarribrneter the type of curve which is traced is 
indicated in Fig. 109, which represents a pressure- 
stroke diagram. It will Ik) seen from this that the 
•pressure is by no means constant — a fact which is 



• Fio. lOt).— riittung-Jiittchine dyniunoiiiclri' curve, 

• true ifi i-ogard to o*ther tools and machines as w^ell 
as this, fn Fig. liO are shown typical curves for 

• diftereiit metals, Tho indcsx to this diagram is as 

follol^s : A, brass ; 13, soft cast iron ; C, hard cast 
irou ; 1), brought iron ; Fj, mild steel ; and F, an- 
nealed tool steel. Taking soft cast ii'on as the basis 
and representing it by unity wo have the follow- 
ing comparative pressure values for the different 
metals : — * 


Brass 

. M 

Soft cast irou . 

. 1*0 

Hard caiS iron . 

. 1*8 

Wrought iron . 

. 2-5, 

Mild steel . 

. . . 2-1 

Hard steel 

. . 2*8 
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2. Brake and Feed Test Method,— By means of 
this method it is only possible to obtain the values 
of the main cutting for/^jo and the feeding, force af 
the nose of the tool, since it involves the determina- 
tion of the powtirs which are ahsorh(;d at tlio nose 
or (;dgc of the tool or cutter in driving the work (or 
cutter) and in feeding tlie cutter (or work), it is 
related directly to the mechanical efliciency tests in* 



Fi<;, 110. — rianing* machine dynamometer eurvefi. 
w'hich actual loads and weights are used, and in- 
volves the use of efliciency or input-output curves. 

Knowing in any case the machine input (either 
for the drive or for the fet^d) we can readily deter- 
mine the output by using the efficiency value or the 
determined relation between the machine I.H.P. and 
o.iLr or referring to the efficiency or input-output 
curvh. The main cutting force is calculated by ' 
means of the following expression : — 

whe|;e N is the force, in lb., and S is the cutting 
speed referred to *thc outside circumference of the 
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work or test bar in the oi;^inary cascj. The cuttingf 
pressure intensity is obtained as follows 


r = 


V 

A 


(92 


where A = the area of cut, in squant iuclies. 

The feeding or traversiiif' force is computed as 
• follows : — 


,, O.ILP. X 396,000 

1'- — -p; . . (93) 

W'hore F — the. forc(^, in lb., and F„^ the feed, in inches 
per minute. The intensity of pressure is calculated 
as in the a)>ove cas(;. 

J"he DifFerejitial Method.— This method only 
differs frorn the alcove in njgard to the means adopted 
to obtain the 0.1 1. P. of the machine. In this case 
the difference b(‘twoen the load and no-load I.H.P.’s 
is asJhnusd to be etpial to the O.H.P., the validity 
of which assumption has already Ixurn referred to. 

Test Results. — The published results of cutting- 
force t(ists show exceedingly wide variations, both in 
regal d t5 the values of the cutting- forces and in re- 
gard to the relations that these bear to other cutting- 
operation data. 

In the following table ar^ given the values of the 
specific vertical cutting-force or cutting-pressure in- 
tensity which may be taken as the general average 
values which are applicable in ordinary lathe** 
design practice. 
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TABLE XITI. 

LATHE-TOOL TESTS. 

•• 4 

Specific Vertical i^ort c, in Tons per Square Inch. 


\ 


Materiul. 

1 . 

Soft. 

Mediiiiii. 

Hard 

Steel . 

! 100 

110 i 

1 

130 

Cast Iron . 

50 

00 ; 

70 



In rogai*d to the values of the horizontal forces 
there is much disagreement. The late Dr. Nicolson 
stated that the results of his Manchester tests indi- 
cated that the normal horizontal force varied frpm 
IH per cent to 78 per cent of tfee vertW c>’ttfi‘lg 
force, with an average of 50 per cent, and that the 
parallel horizontal force (which he called the tra^^ers- 
ing force) was alx)iit 25 per cent of this lattcsr^^ force. 
Mr. Taylor’s American results ’ indicate, on the other 
hand, that these percentages are low, the operative 
values being not less than JOO per cent in each case. 

Further, the first- named did not find ^ that the 
depth of out or the thickness of the chip had any 
marked effect on the specific cutting pressure, 
whereas the last-named stated that the actual pres- 
sure^ acting on a lathe tool varieii as indicated by the 
formula ; — 

V-^CD'-'F?. . . (94) 

in which C is a consti^nt of an aterage value of 
57, OOP for cast iron, and a maximum value of 
69/X)0 ; D is the depth of cut, in inches ; and F is 

» •‘*rroc., A.8.M.E.,” 190G. 
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tho linear feed per revohitjpn. The pressure inten-* 
sity is obtained by means of tho following formula : — 



(95) 


The most exhaustive cutting force tests on twist 


drills are those which were made, by Messrs. Smith 


& Poliakoff at Manchester. The following formuluD 
represent the most important results of these tests, 


those formula?, according to the experimenters, being 
‘simple approximah? fonnula? of genenil application : — 
For cast iron — 


Thruat = 35,5()0rf'"li';’'‘ . (96) 

Torque- 74(W . . (97) 

^For steel — 

• * Thrust - 35, r)00d"F,"'“ . (98) 

. To«iue= 1,640, /'“F, . (99) 

^In th^e formula) d represents the diameter of the 
drill, in inches, and the ftjed in inches per revolu- 
tion. The thrust is in lb. and tho torque in Ib.-ft. 

In s^rae of the earlier American tests the results 
8iiggeste<^that the torque varie-d as the O’G power of 
the feed, a result which does not differ greatly from 
tho above. 

The use of a lubricant has l)eoii shown to reduce 
the torque by 18 per cent and the thrust by 25wper 
cent on tho average. 



CHACTRB VJ. 

OUTPUT AND POWKH CONS(IM]*T]ON TKSTS. 

Bv tho “output” of a machino-tool is meant the 
maximum quantity (volume or weif^ht) of metal 
which can In- removed from th(5 stock in the unit or 
time, say one hour or one ininutt^. This Jcjpencls, in 
any case, upon many factors, some of which are 
actually extraneous to the machine itself, sucli as 
the f^eneral form of the cutthi^,^ tool or tools, the tool 
angles, the kind of tool steel of whMi the to^is'are 
made, the relation between sjxs^d and area of cut, 
and the nature of the material which is li':?ing 
machined. Given constancy in these com^’tions, 
however, the output of a machine-tool is a measure 
of its cajiability, whilst its cutting (dficiency is rtjlated 
to quantity of metal which is removed per unit of 
energy, such as the H.P. minute or the Ji.p. hour. 

There are machine-tool operations in which the 
immediate object is the machining of surfaces, and 
the removal of a volume or weight of metal is an 
incidental operation. Jn such cases, of course, out- 
put may be regarded as connoting superficial area, 
though, from tlie general point of view, even here it 
is possible to determine^ a volumetrK; or gravimetric 
outpij^t. 

il. betermination of Volumetric Output.— In 
any given time, cas’, T minutes, at an average cir- 
(218) 
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cumferential speed of R per minute with an* 
area of cut of A square inches, we have that : — 
_Volume jemov(!d = 1-2S x A x T cul>ic in. . (100) 
and cubic in. per minute ■- 12S.\ . . (101) 

If we have determined the angular s])oe.d iiisUsad of 
R, then we have that : -- 

Cubic in. per minute = ttDN A . . (102) 

where D the iiuian dianuiter, in inches, and N the 
ynean angular speed in rt.wolutions ptir minute. 

The g.l)ove expressions apply genei ally to the lathe 
and boring mill, the mean diamehu' l)eiug tak(‘n as that 
midway hetwoon the outside and bottom diametc'.rs. 
In some cascjs, howev(u\ the outsidti diametcjr is 
taken to simplify matters, though obviously this is a 
s%h^ appvoxin^ation. 

^Expressions (100) and (101) can he mad(‘ to aj)ply 
to ^he jdaning machine and shaping machin'* by 
substituting avoragij cutting speed for average cir- 
* cumforiuitial spetjd. 

In the case of the drilling machint!, we have 
that : — 

Cubic in, removed per minute = 0'7H04 I)-F„. . (lOlJ) 
where 1) — the drill diameter, in inches, and F„, the 
feed, in inches per minute. In another form this 
is:~ 

Cubic in. removed per minute = 0*7854 T)-*F,.N . (104) 
whe.n*, F,, — the lincjar feed, in inches per revolutioTi, 
and N the angular speed of the drill, in revolutioni^ 
pel* minute. 

With a milling cutter on plain work, we have 
that : — 

Cubic in. removed per mimiW == F,„dM;* *(105) 
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where d = the dc^pth of ,cut, in inches, and w the 
width of the cut, also in inches. 

2. Determination of Power Consumption. —This 
can be made in the stworal ways already described 
in connection with the experimental deternJ nation 
of mechanical eiliciency. Tn the case of an electric- 
ally driven machine-tool there are three powers, 
these being the motor I.H.P., the machine 7.11.1*. or 
motor O.II.r., and the machine-tool O.H.P. The 
relations between the volumetric output and these 
quantities are, in any given case, different, since tho 
relations between these quantities thtsmselves involve 
the motor and machine-tool efficiencies. 

3. Test Results* — In the case of the lathe, the 
volumetric efficiency varies from 80 to 120 cubicMii. 
per machine per O.Il.P. hour, tHb lo^J^rer Values 
being associated with the harder metals. There is, 
of course, a connection betwcmi this and the I'/iag- 
nitudes of the cutting forces. From this we git that 
the machine 0. II. J*. required to remove 1 lb. of metal 
p(jr minute varies from PH to 2-7, the*, higher value 
being associated with the harder metals. These 
values are for steel. For cast iron, the co^'rospond- 
ing values are 150 to 220 cubic in. per machine, 
O.H.P. hour, and l O to 1*0 machine O.II.P., per lb. 
of metal per minute. 

Ih the case of the drilling machine, the volumetric 
efficiency varies from 24 to GO cubic in. per machine 
O.H.P. hour for steel, and from 55 to 140 for oast 
iron ; whilst the machine O.Il.P. per lb. of metal 
remoyed per minute varies from 3-C to 9*0 for steel 
and from 1*6 to 4-2 for cast iron. 

Wi\h milling machines the volumetric efficiency 
varies from 30 to 00 cubic in. per machine O.H.P. 
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hour for steel and from (it) to 120 for cast iron ; 
whilst the machine O.ILP. pei- lb. of metal removed 
g?er miri|^e varies from 3-() Jo 7*2 for steel and from 
I'H to 3*6 for cast iron. 

froift the practical point of view it is usually the 
volumetric eHiciency based u|)On the imuihine l.Jl.P. 
which is the quantity of imixu’fance. Obviously, 
•this includes the moclianical ctrunency, which, as 
has been indicated, is a ^mewhat variable quantity, 
.^he following' table j^ives the average values of this 
fifhciency for t}i(5 several dilTei'ent types of machine- 
tool. It must, however, 1x5 l>orne in mind i?i con- 
sidering these values that the (‘(ficiency of cutting of 
the cutter or tools is an impoi-tant element in the 
miftihine volumctufc efliciency, and that imi)rove- 
m^tS in ^liis *ef1iciency can be ellected either by 
improving the design of a machine in regard to 
l)OtB stability and 8i)eed and fetid arrangements or 
I by iti!f)roving thti dtisigri of the cutter or tool, or both. 

TABLM XIV. 

'rATIfilO OK VOliUMETlUC KFPICIENCIES. 


! 

Tvim* <»r Miu'liiiu'-lxxil. 

• * 

I'nliii*. Inclif.s i»*i 
Mitcliiur i.ll.P. 
Hour. 

Miirliiiie I.II.P, 

|h;t Li». of 
|xM' Miiiuh*. 


Stiu-I. 

. 

awt 

Iron. 


Ciut 

Iron. 

j Lutiio 

1 

00 UM) j 

100-180 

20 3 5 

1^1} 2-1) 

j Drilling MachinP . 

20- 50 ' 

50 120 

4-010-0 

1-8-4-0 

j Milling Machine* . 

25- 50 . 

50-100 

4*0- 8-0 

-•>0-4*0 ! 

• 1 
• 


This table shows that the lath»i»the most efficient 
of machine-tools. 
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COMl’AltATlVK Tool. TKSTING. 

In these days of economic pfod action it is desirahlb 
fo}‘ works to use the tool st(‘els which are most suit- 
able for the different kinds of machine work done in 
them. Hence, the necessity for the comparative test- 
ing of tool steel from tlie point of view of the user. 

Without entering deej)ly into this' suhjjsct, it may 
be said that there are stiveral methods of making 
comparative tool tests extant, though the condiWons 
which exist in many works when this kind of- work 
is being performed are by no means the best, and 
the results are not always as reliable as is generally 
imagined. 

These several methods may be classilicl as fol- 
lows : — 

1. The constant-speed method ; 

2. The constant- duration method ; 

3. * The incr(*a8ing - speed or speed - increment 

, method ; and 

f 4. The increasing- feed or fe(;d- increment method. 

The first is the one which is most* commonly ein- 
ploy<5(J m works, the life of the tool* or duration of 
the^ test being taken as the criterion of tlie cutting 
ability of the tool.^ 
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second method (which was originally devised* 
by Mr.'. F. W. Taylor) involves the use of a Imtch of 
similar tools up to the number of eight, the object 
of the test being to d<'.termiire a cutting spec'd by the 
cuf^and-try method which will give a tool-life or 
test-duration of twenty minutes. 

The third nuithotl (which was dbvistjd and worked 
•out by Dr. Kipper and the author at BheHleld Uni- 
versity) is based upon the t(‘nsile-tcsting method of 
.J'radiially increasing the load on a s})ecimen until 
mipture’occin-s. T]i this case, the cutting speed tak(« 
the place of the load, and this is increaseil by uni- 
form incr<!ments- until tbe breakdown of the cutting 
edge or edges occurs. The volume of metal removed 
in 4he process is taken as the criterion value of the 
tool, f Tn |he mitial stages of the development of 
this method, an initial cutting speed of 20 ft. per 
minMte. was adopted in conjunction with a speed 
^increnient of 0 ft. per minute made every three 
minutes. In the present form of the; test, th(i start- 
ing speed is 30 ft. per minutii and the increment of 
speed I ft, per minutis made fii-st at the end of the 
first half^rainute and then at the end of every suc- 
cetjding minute. The application of this method in- 
volves the ust*- of a variable speed electric motor, so 
as to give speed changes which are pi’actically con- 
tinuous. 

• In the fourth method (which is of German origin 
and later than the third method) the feed of the 
tool is graduallpand regularly increased, the cutting; 
speed being mauitained constant. In this case alsc 
the volume of metal removed by th() tool up*to fjfie 
point of breakdown is the best moasui'e of tlie'cut- 
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ting capal)ilitie8 of the tool, as this gives the bes^ tool 
credit for working at the coarsest feeds. ' 

In making these tests, certain precautions must- 
he taken, the principal ones being as follows : — 

1. All the tools should bo of precisely the same 
shape, both in regard to plan and in regard to the 
various angles of in(5 tools. 

2. They should all b(j tested on the same test bar, 
and as far as possible on the same diameter, though 
a practical scheme wherti there are several tools to 
test is to test each tool on a nuiulw of diameten 
and averiige the results. 

3. The extreme cutting points or edges of all the 
tools should be amingod at the same height with 
respect to tin*, centres of the lathe ; preferably they 
should be disposed in the horizontal p^ane which 
passes through the lathe axis. 

4. Each tool should he disposed in relatively* the 
same position to thci test bai' so that tlui ops-rative 
tool angl(!8 are tlwj sjune. in every case. 



CUAPTHll VTTL 

COMMP]KCIAL MACllINE-TOoTi TESTING. 

^HEitE does not appear to be any uniform pmctice 
Jd regard to this matter ‘though the object of many 
thosQitests is tins testing of the pulling or driving 
power of the machine. Thus, if a lathe, for instance, 
has sufliciout pulling or driving power to take a 
specified cut at a specifiisd cutting s})eed on a speci- 
fied^ material and to do it for a specified period of 
tiMe ^ithout lyidlie heating of the bearings and 
slippage o^ the belt ('where one is employed) it is 
pas^d. Or, again, a drilling machine is oomn.er- 
cially ^tested for its penetrating power. If it will 
•drill, say, holes 1 in. in diameter, at a given rate 
(such as 10 or 12 in. ])cr minute) in cast iron or 
steel, it is passed. 

Of courae, much depends upon the quality of the 
steel in tlTe tool or cutter which is used, in the tests, 
and it not infrequently happens that the modern 
machine-tool is superior to the cutting tool. In 
fact, it is the claim of at least one manufacturer of 
machine-tools that he cannot find a tool steel wiiich 
does not break down in his lathes when the;^ are 
being commercially tested, so severe are the condi- ' 
tions of the test, to the credit, of course, of the 
machine. Whether this is of general application 
( 225 ) U ‘ 
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or not is a doubtful point ; but it is undoub^adly 
true that, since the introduction of high-spe^ tool 
steel, machine-tool manufacturers have put a large 
amount of metal into their machines so as to suc^ 
cessfully cope with the increased forces which o|»er- 
ate in cutting operations. The direct result of this 
is that machine-'^.ools can be worked with heavier 
speed and feed combinations than suitably dimen- 
sioned tools can work with. The limit of a machine 
is, however, the limit of its weakest element, and it 
thus appears that at the present time this is the 
cutting tool. Probably it will bo always so, since 
the tool is the element which is, generally, the most 
severely stressed under the influence of the cutting 
forces. 

No reliable data concerning thbse tests arc* avUSl- 
able since the conditions under which such tests are 
made are so very variable and, generally, are such 
that the test results are of little comparative vilue. 


THE END 



APPENDIX. 

INSPECTOR’S REPORT OF LATHE TESTS. 
Size of Lathe . . . ceutreR. 

. long. 


1. Longitudinal level. 

2. Transverse level. 

3. Local bed inaceuracies. 

4. Kind of fit between driving headstock and bed. 

3. t> ft loose „ „ M 

6.* „ ,, ♦, slide-rest saddle „ „ 

^ f ) 11 • 11 saddle and cross slide of slide rest. 

11 if 11 11 clamp bed and top slide of slide rest. 

9. Driving headstock spindle : high or low at front. 

10. ^ 1 , „ „ transverse alignment. 

11. „ ,, centre : runs true or not. 

^12. Qlbntrc socket in driving spindle : runs true or not. 

18. I Driving spindle nose : runs true or not. 

14. I Roring test : large at outer or inner end. 

15. Facing test ; plane, convex, or concave. 

16. Li'ose headstock mandrel : high or low at front. 

17. „ „ „ transverse alignment. 

18. „ • „ centre sosket : true or not. 

19. Alignment of centres : longitudinally. 

20. „ „ „ transversely. 

21. Running of back gearing. 

22. „ „ driving headstock reverse gearing. 

23. 1 , I. gearing in feed apron. 

24. „ „ 1 . II change feed gear box. 

/85. Fit between rack and pinion. 

26. ■ liost motion in saddle gearing. 

27. Error in lead screw in length of . . . feet. 

28. Finish of sonped surfaces. 

29. Back lash in cross slide screw. 

80. ,, „ in top slide screw. 


Bmarks,— 
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A ' Driving spindle tests, 88. 

Jvb.soi-piion dyiiamometors, I Dynamometer, erodlc. 17G. 
IGfi, J(i8, 177. lyy. 


4ftro-dy»«imic tael lo meters, 

118. 

Analyais, logarithmic, 131. 
Arithmetical siieed progres- 
sion, li^n. 

B 


torsion transmission, 174,. 

J7r>. 


: Edges, straight, 27, 30. 
jElliciency, drilling maohiuc. 


flod-lc#eliinr tost#, id, 102. 

B.fl. r., US, 107. 

Blank feed, ir)3. 

Braite dynumometer, 1G4, 108. • — milling machine, 198. 
. • ~ motor, 106. 

^ C 


190. 

' — headstock, 186. 
— lathe, 185. 
i— iJieclianieal, 103. 


Centre tests, GO. 


ovemll, 185, 189. 
shaping machine, 199. 
slide rest, 180. 


_ — Pilut: ri’st, JOO. 

Centrifugal tachometers, IM. , Electro-inagnotie tachometer 
Clamp l>ed test.s, 93. IL'i, ' 

Commercial tests, 225. Engine lathe tests, 10. 

Ccj]8‘jcuti^ speed ratios, 129. : 

Constant-duration tests, 223. | p 

■— speed testa, 222. i 

Counters, speed, 139. 

Cross-tests level, 28. 

Out meter, 122. 

Cutter arbor tests, 91. 

Cutting forces, 202. 


j J’ast hoadstoek tests, 30. 

I Feed curve, 100. 

. Feed increment tests, 223. 
j Feed screw tests, 99, 

' • - rack tests, 1)9. 

! — tests, 107. 

I Finished lathe tests, 00. 

I Fundamental speed-formula/ 
' 109. 


Definitions of feecT, 149. 

Degradation of energy, 5. 

Differential method, 215. I q 

Dividing-head tests, 9f). I 

Drilling machine, 160, 156, : Gauge, tggting, 33. 

! Gear cutting and iiobbing 
d}Tiamometer,«08. • macfllnc, 153. * 

( 229 ) 
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iGoometrioal speed progres- 
sion, 128. ' 

Graduations, spirit level, 18, 

20 . 

Gravity level, 23. 

Grinding machine, 152. 

H 

Harmonica! speed pra^ression, 
136. 

Headstock tests, 36. 

Housing tests, 104. 
Hydrostatic level, 23. 

I 

I. H. P., 164, 167, 175. 

Inertia of macliine elements, 

5. 

Indicator lever, 49. 

Indicators, dial test, 45. 

— sector tost, 48. 

— speed, 139. 

— surface speed, 120. 

— test, 3H. 

Input, 163. 

Inside micrometer, 34. 
Instruments, indicating, 36. 

— measuring, 36. 


K 

Kinetic onerg}’, 6. 

Knee tests, 91. 

L 

Lathe, 149, 155, 177, 193. 
Latl)e dynamometer, 204. 
Lead screw tests, 82. 
Levels, spirit, 16, 89, 103. 
Levelling tests, 88. 

Linear feed, 150, 151. 

— cutter feed, 152. 4 

— U>oth feed, 151, 153. 
Load, 

Lopgitudinal tests, 105. 
Loose' headstock tests, 55. 


M 

Machine cost, 11. 

— tool tests, 12. 

Mandrel tests, 55. 

Mean ordinate, 120. 
Micrometer screw gapge, '34, 

37. 

~ test bar, 73, 90. 
Microscope, 29. 

Milling machine, 151, 156, 
196. 

dynamometer, 212. 

— • — efficiency, 198. 

tests, 88. 

N 

N, 109, 120, 128, 130, 150. 
n, 126, 128, 131, 133, 137. 
Nicolson, Dr., 216. 

— dynamometer, 206. 

Norton pendulametor, 24.'^ 

0 

Oblique diagram, 97. . 

O. H.P., 165, 178, 380, 182, 185. 
Optical test, 28. d 
Orthogonal diagram, 98. 
Output, 1, 10, 165, 177, 220. 

P 

Pendulametor, 24. . 

Pendulum level, 23. 
Planimeter, 120. 

Planing machine, 153, 180, 

201 . 

Poliakoff, Prof. 207, 211. 
Power curves, 191, 194. 

— feed tests, 149. 

Prony brake, 164, 174. 

B 

Revolution counters, 108, 110, 

112 . 

— indicators, 110. 

Ripper, Dr., 223. 
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Botmefcer, 128. 

feed, 150, 151. 

8 

’ Saddle te^, 93. 

Seetional paper, 133. 

Sh^nf machine, 153, 181, 

Simpson's rule, 120. 

Slide rest teats, 57, 74, 86. 
Slot tests, 95. 

Smith, Mr. Dempster, 217. 
Socket tests, centre, 61. 

•Speed tests, 107. * 

— eoun^rs, 189. 

^ determinations, 144. 

— incromoiit teat, 223. 

— reducing gear, 142. 

— time curve, 144, 145. 

— travel curves, 148. 

Spindle bearing tests, 72. 

— mosG tests, 72. 

Sfkirit level vials, 17.« 

^ial ^ta, 

Surface ajMod counters, 120. 
~ ~ indicators, 120. 

T 

Table tests, 94, 102. 
Tachograph, 120. 
Tachometers, aero- dynamic, 
118. 

— centrifugal, 113. 

— electro4nagnotic, 115. 


Tachoscope, 119. 
gTaylor, Mr. F W., 216, 228. 
Test bar, 52, 62, 70, 71, 73. 
Test face plate, 79. 

— indicators, 38. 

— report, 86. 

— plate, 31, 33. 

— stands^, 54. 

j Tests, drilling machine, 101. 

! Tool testing, 222, 

I Transmtssion dviiamomoter, 
( 168, 170, 173. 

j Transverse tests, 105. 
i Travel-time curve, 143, 145, 

I Turret latlie tests, 87. 

I Twist drill dynamometer 
j curves, 211. 

u 

UHimate work, 1. 

Unit- time feed, 151, 153. 
University of Sholliold, 177, 
184, 

V 

Volumetric efficiency, 221. 

w 

Wattage, l(i4. 

Wear tests, 81. 

Wigglers, 38. 

Wire test, 35. 
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